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CHAPTER I 
INTRODUCTION AND THE PROBLEM 
INTRODUCTION 
·In many motor performance s i tua tions the individ ua l 
is requ ired to  react to  succ e s s ive s timu li occurring in 
close tempora l  proximity of  each o ther. When the interva l 
sepa rating the two s t imul i  ranges from about 50 to 250 
mill iseconds ,  typica l ly there is a d elay in reacting to the 
second stimulus.
1 
Th e  delay wa s init;ia.lly labeled by 
2 Telford a s  a "refractory pha se"  and la ter became known a s  
a .. psychol ogica l refractory period" ( PRP ) . The P RP has 
been viewed as  a limit to the ra te at  wh ich tha per£ormer 
can react to succes s ively occurring stimul i  when he do es 
1
R. Davis , "Th e Human Opera tor as a S ingl e  Channel 
Sys tem," guarterly Journa l o f  Experimenta l Psychology, 
9:121, May, 19 5 7. 
2
c. W. Telfo rd , "The Ref ractory Pha s e  o f  Voluntary 
and As socia t ive Res pons e s , "  Journa l o f  Experimental 
Psycholpgy , 4:1, Ju ly, 1 931. 
nor expect them to occur . Thus , the PRP sugges t s  tha t 
there exists  some mechanism wh ich is l imited in its capa -
city to proce s s  s ucce s s ively occurring s timu l i  spaced 
3 a pproxima tely from 5 0  - 2 50 milliseconds apart. 
2 
Herman and Kantow itz4 discus s ed f ive major th eories 
d ea l ing w ith the mechanism underlying the PRP . The f irs t 
theory ha s been termed the centra l refractory theory , and 
it pos tu lates  a centra l control mechanism of the body . 
This theory suggests tha t some part of the mechanism 
becomes less  able to accept succes s ively occurring stimuii 
wh ich follow the f irst s t imu lus . Th e s econd theory , the 
confl ict theory ,  sugge sts  tha t the P.RP is due to the an tag-
onistic effects of choos ing one res ponse from severa l  
pos s ible ones . The th ird theory o r  rea diness  theory is 
concerned w ith the subje
.
ct  ' s phys ica l abil ity of being 
prepared and "ge tting s et." The fourth th eory is referred 
to as the s ingle channe l theory , and essent ia lly it 
3 Pau l  M .  Fitts and Micha el  
Performance (Belmont , Ca l ifornia: 
Cempany , 1 96 7) , p .  80 . 
I .  Po sner , Human 
Brooks /Co le Publ,ish ing 
4L. M. Herman and B .  H. Kantowitz , "The Psycho­
logica l Refractory Period Effect : Only Ha lf of the Double 
S t imulat ion S to·ry , "  Psycholog ica l Bu lletin ,  7 3z74- 7 8 , . 
January , 19 7 0. 
3 
proposes that the refractoriness is a ttributed to the 
serial ra the r  than the s imultaneous process ing of the 
stimul i.· There is s ome controversy as to whe ther the cause 
of the de lay is loca ted in the s ensory sys tem ( e.g., the 
ears or eyes) or in the motor system ( e . g., the muscles 
performing) . The fifth theory has been labe led the ex-
pectancy theory, and it proposes tha t  the PRP depends on 
the s ubject ' s abil ity to expect or anticipa te the second 
of two clos e ly s paced ( tempora l ly) s t imu l i . S ince ex-. 
pectancy theory is the target  of res earch in th is thes is, 
the major focus of a ttention w i l l  be devoted to it . 
The roles qf tempora l and event certa inty in the 
expectancy theory have been o f  some interest to resea rchers.  
Tempora l certa inty is  defined .as knowing when a� event will  
occur so tha t the performer knows whe� to respond . Event 
certa inty is defined as knowing wha t event w ill  occur in 
order that the performer knows th e type of respons e 
requ ired. In 196 2, Adams
5 
inve·s t iga ted the expactancy 
theory by manipula t ing tempora l certa inty, i.e., the 
subject ' s certa inty of  the tempora l occurrence of the 
5
J. A. Adams , "A Test of the Hypoth esis of 
Psychologica l Refractory Period, " Journa l of Experimenta l 
Psycho logy, 64:287, Augus t ,  1962. 
se cond stimu lu s . It wa s found th at th e d e lay ( PRP) wa s 
4 
grea test  when the sub j e ct performed und er the lo w temp ora l 
certa inty cond it ions . In 196 3  Creamer6 a lso  found tha t lo w 
tempora l certa inty co mpo und ed the d e lay a t tributable  to a 
l ow l evel event cert ainty . The d elay resu l t ing fro m not 
knowing wh at w il l  ha ppen ( event certa inty) is in crea s ed by 
a la ck of knowl edge  a s  to  when an event w il l  happen 
( tempora l certa int y) . 
The sub je ct 's need to  an ti cipate is ba s i c  to the 
e xpe cta ncy theory .  It  i s  p os s ible  th at ant i cip at ion of 
when a re sponse w il l  be requ ired ( tempora l certa inty) and 
ant i cipa tion of  th e type of  re spons e to be e xe cu ted ( even t 
certa inty) can be manipu la ted so  a s  to d e crea s e  the d e lay 
( PRP ) .  Chris t ina hypo t hes ized th at 
The d elay d ue to  ' psycholog i ca l  refractori ne s s ' ca n 
be  redu ced if S is  a b le t o  l e arn to ant i cipate  the 
tempora l o ccurren ce of  the une xpe cted error ,  the typ e 
o f  une xpe cted error , and the mov em ent th9t mu s t  be 
e xe cuted to amend th e u ne xpe cted error . 7 
I_n _ -�h. .e .P..resen t  s tudy the te mpor al certa inty is control led 
6L .  R .  Creamer , ''Event Un certa inty , Psy�hq_l_qg_i::.a.l 
Refra ctor y �er io .d _, _ -�.t1.d .. . Human Da ta Pro ce s s in g," Journa l of 
E xperi me nta l Ps ysholo gy ,  66 : 194 , Augu s t , 196 3. 
7 R .  W .  Chris t ina ; ''Minimum Vi sua 1 Feedba ck 
P z:o .ce s s in g  Time for the Ame ndme nt of an In co rre ct Res pons e ," 
Per ce ptu al and Motor Skill s , 31 : 99 3, De ce mber , 1970. 
and the unis ensory event certa inty , ·i . e. ,  pres enta tion of 
information concerning s pa t ial and numerical stimulus­
res ponse requirements ,  is  manipulated. 
THE PROBLEM 
S ta tement of the Problem 
Wha t is the effec t  of increa s ing level s  of uni­
s ensory event certa inty on react ion ttmes to two 
s ucc e s s ively occurring stimu l i  s paced SO millisecond s 
apa rt? 
Research Hypotheses  
Tes t  hypoth e s is . Increa s ing lavels of unisensory 
event certa inty increa s e s  or  ha s no effect on the d elay 
( PRP) in reacting to the s econd of twa succes s ively 
occurring stimuli spaced SO millisecohds apa rt . 
Alterna te hypoth e s is . Increas ing leve ls of uni­
s ensory event certa inty d ec rea s e s  the d elay ( PRP) in 
reacting to the s econd of two succes s ively occurring 
stimuli s paced 5 0  milliseconds a pa rt. 
6 
S i gnif icance o f  the Probl em 
8 9 S tud 'ies performed by Adams and Creamer have be en 
concerned w ith a pro blem s imila r to the one of  the pres ent 
s tudy .  The PRP evid ence found by the ir a ttem pts , however ,  
d oes not complete l y  d e te rmine how t o  el imina te th e d e lay 
(PRP ) . Therefore , the res ea rch of  th e pre sent s tu dy 
co nt inues  the tre nd initia ted by previo u s experimenta t ion . 
It is  a s sumed tha t the f i rtd ings of  th is the si s  w i l l  pro vi de 
additiona l inf ormation conce rning the delays enco unte �ed 
in perfo rmance due  to psycho log ica l refractorine ss. 
Scope 
Eighty -ma Le . college s tudent s from the Genera l 
Educa t ion Program serve d vo lun ta r ily a s  s ubject s. The ir 
ages r anged fr oHl e igh teen to twenty- seven ye ar s. Al l of  
the su �jects cons id ered themselve s to be right hand ed . 
The te s t ing wa s cond ucted in the Res ea rch Cu bicl e s  of th e 
Psycho log y D epa r tment a t  th e Sta te Univer sit y  Col lege a t  
Br ockp ort du ring the summer of  1971. 
8 J. A .  Adams , loc . c it .  
9 . . L .  R .  Cre amer , lo �. cit . 
Ass�m ptions 
It w as a s sumed tha t  the l evel of  unisensory event 
certa inty cou ld be m ani pu la ted by cont rol ling the amou nt 
of stimulus-re s ponse informa t ion presented to th e s ubject 
on a given tria l .  T he tre at ment wa s a ppl ied un der the 
a s s umpt ion tha t  the mor e inf ormat ton the s ubject h a d c on­
ce rning the re act ion requ irements of his res ponse the . 
h igher the level of  certa inty . 
L imita tion 3 
The results  and c onclus ions a re limited to  th is 
s tudy . 
7 
C HAPTER II 
REVI EW OF RE LATED LITERAT URE 
Research concerning the PR P da tes back to th e ea rly 
1900 ' s  when Telfor d pu bl ishe d a w ork ent it l e d "Th e  
f Ph f V 1 d A .,1 Re ractory a s e  o o unta ry an s soc ia t ive Res ponses . 
Experimenta t ion in the fie l d  cont inue d  intermittently unt i l  
the la te 1950 ' s  and ea rly 19 60 ' s ,  a t  w hi ch t ime the ma jo r ity 
of pa pers were pu bl ishe d. In order to pre s e rve th e 
tem pora l p rogress ion of  difficultie s encountere d by ea rl ier 
-researche r.s , a s  w e l l  a s  t he sequence of  diffe rent th eories 
tha t  evo lve d, th e pres e nt review of l itera ture ha s been 
organize d chronolo gica l ly .  The review ha s been divi de d  
into fo ur a rea s s umma rize d under the fol l o wing h ea dings :  
(1 ) l itera ture  from 1 9 31 to 1950 , ( 2 ) l itera tu re fr oo 1 9 51 
to 196 0 ,  (3 ) l itera ture fro m 1 961 to the pres ent , and (4)  
su mma ry .  
1c .  W .  Tel ford, "Th ·e Refractory P ha.se s  o f  Vo lunta ry 
a nd As soc ia tive Res ponses , "  Journa l of  Exp�rimenta l 
Psycholo gv, 14:1-36 , Ju ly , 1 9 31 . 
9 
LITERATURE FROM 1931 TO 1950 
Telford began h is s tud ies in the a rea of the 
psych olog ical refracto ry period (PRP) w hen he  a ttem pted to 
ans wer the fol low ing questions : 
Do volunta ry re spons es , judgement , and s imple  
a s s ocia t ive processes  prod u ce effects in the org anism 
w hi ch s erve a s  a barrier a g ains t immed i ate repetit ion 
t ha t  can be identified w i th a refractory ph as e ?  If  
s o, is the su bs eq uent re covery and return to norma l 
co mpara ble to tha t  fo �nd i n  iso l ated t is s u e ? 2 
The pro blem wa s d iv id ed into three s ections z (1 ) the in-
fl ue nce of  the inters timulus  interval ( IS I )  on re action 
t ime (RT) , ( 2 ) the inf lu en ce of  ISI  on judg ing length , and 
(3) the in fluence o f  IS I o n  repetitive tend ency �  Telford 
rec orde d RT to an  a ud itory stimu lus  on a kymogra ph . The 
stimu l i  w ere p re s ented a t  0 . 5, 1 . 0, and 4 . 0  s e cond in ter-
va ls by means of an electronic sound er ,  and the su bje ct 
respo nd ed by p re s s ing a telegra ph key . S ince the ISI  
varied , su bje cts w ere ins tructed to be ready and to  re act 
q u ickly . Telfo rd d is covered tha t th e IS I of 0 . 5  w as le as t  
fa vorable for RT, wherea s an ISI  o f  1 . 0 and 2 . 0 s econd s w as 
mos t  fa vora ble .  The d iffere nce between the 0 . 5  interva l 
2 I bi d. , p .  2 .  . 
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and the 1. 0 interva l was s ignificant . The res u lt s  a lso  
revea led tha t practice wa s influentia l ,  especia l ly at  those  
inter va l s  l ea s t  fa vorable  to repea ted response s . In con-
eluding Telford s ta ted : 
These  resu lts  ind ica t e  tha t immed ia tely a fter 
re �pond ing • • • there is  a perio d  o f  intrins ic un­
rea d ines s  for response • • • Th is period is compa rable  
to the refractory pha s e  of  more e lementary sys tems . 
Th is period • • • is  succeeded by a retu rn of response  
t �e to norma l and th is  in turn by increa s ed readiness 
for response . 3 
The exact t ime o f  this  return wa s not d etermined . Te lfor d' s 
firs t work e s tablished th e ba s is for the theories tha t 
wou ld follow . 
"Does the o pera tor  respond continua l ly or inter-
mit Lent ly?  If he  respond s intermit t ently , how long is the 
PRP ? "4 Vince wanted to d e termi ne how much t ime 'mu s t  pa s s  
before a response can b e  init ia ted t o  a sec ond s t imu lu s in 
a s eries .  Tel ford ' s5 d evelopments w ith a ud itory s t imu l i  
sho wing tha t  RT wa s increa s ed a s  th e ISI d ecrea s ed wa s the 
3 Ibid ., p .  12 • 
4 "Th f M.  A .  Vince , e Intermittency o Cont .ro l Move-
ment and t .h�  Psy _cholog ica l Refractory Period , " Brit ish 
Journa l  o f  Psycho logy, 38 : 149 , March , 19 48. 
5 Telfor d, l o c. c it . 
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bas is of Vinc e 's experiment . In a prel imina ry exp eriment , 
Vinc e found tha t  the human system funct ions inte rmittently 
a nd d ec ided to inves t iga te th e hypoth e s is tha t  some PRP is 
set up in th e s ensory motor sys tem . Vince pres ented va ry-
ing ISI's to f ind the shorte s t  poss ible  inte rva l  tha t  wo u ld 
res u l t  in a norma l respons e  to s t imu lus  two ( s2 ) .  She u sed 
a ta sk in wh ich the subject wa s ins tructed to trace  a l ine 
d rawn o n  a revo lving d rum . The IS I's were 0 . 05 ,  0 . 1 ,  0 . 2 ,  
0 . 3 ,  0 . 4 ,  0 . 5 ,  0 . 6 , 0 . 7 ,  1 . 2 ,  and 1 . 6 second s .  A rough 
p icture wa s obta ined from the paper on the d rum . It s ho wed 
tha t there wa s a longer than norma l lag in RT when the ISI 
w as 0.5 or les s . From the s e  obs �rva t ions , Vince hypothes ized 
t�a t , 
The delay cau s ed by th e react ion t ime i t)  senso ry­
motor action is l argely occup ied by some centr al 
compu t ing s ystem during wh ich the a ppropria te  response 
is selected a nd o rganized • • • One s t imu lu s  renders 
. th e s ensory �m0tor sys tem tempora rily refracto ry to 
s t imu l i  of a s imila r kind . 6 
As a result , the RT to s2 is longer when th e IS I is 0 . 5  
s econds or  less  s ince it cannot be pro ·�es s ed unt il a fter 
the completion of s t imu lus  one ( s1 ) .  Vi nce ' s s tudy wa s the 
6 Vi nce , �· c it . , p .  14 . 
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beg inning o f  the concept o f  the centra l refractory theory .  
7 Hick s tud ied the amendment o f  a res ponse (R)  a s  a 
resu lt o f  Vince ' s8 article . Hick thought  tha t  the amend -
ment of  an R involving d ifferent muscu la r tens ion may be 
d ifficu lt  to acco unt for with th e theories a t  tha t  t ime . 
He u s ed an a ppa ra tu s  wh ich inc luded a drum with a pen 
marking . d evice . Th e pen wa s contro lled by a le ve r  o perated 
by and vis ible  to the sub ject . A soleno id changed th e 
loa d . The task involved moving the pen to a ma rked pos i -
t ion wh en an a ud itory s t imu lus  wa s presente d. The 
amendment wa s the change in effort needed a s  th e loa d 
c nanged . Three methods were u s ed to provid e  d ifferent 
amounts of effective i nertia . The resu lts for the arm-
pu l l  method revea led tha t  RT1 wa s about the s ame a s  RT2 • 
Howev �r , RT2 wa s longer than RT1 for the wrist-pu l l  and 
twis t .  Hick conc luded from h is f ind ings tha t  
When movement i s  s o  performed a s  to minimize th e 
effect ive inert ia , the t ime between the first a ttem pt 
to move and th e mo vement proper is about  0 . 3 s econ ds . 
Wh en the effective inertia is  large , th e above inter­
va l is much sma ller . The f ind ings a re cons istent with 
7 W .  E .  Hick , "Reaction Time for the Amendment of  a 
Response , "  Qua rterly Journa l  o f  E xperimenta l Psychology, 
1:17 5-1 7 9 , May ,  1949 . 
8 Vince , loc . c it . 
... . , 
9 other da ta concerning the refractory pha s e . 
13 
The conclus ions o f  Hick s eem to ind ica te  th e d e lay may be 
a s s oc ia ted w ith the s ingle  channe l th eory a t  the motor 
end s , and can be e l im ina ted by the use of  inert ia . 
Poulton10 ca rried out t wo experiments in order  to 
determine the effect of  perce ptua l antic i pa tion upon RT . 
In the first s tudy a skilled respons e  had to be a ltered a t  
a g iven po int and in a subsequ ent experiment th e sub j ect 
had to react to two a ud itory s igna ls  s e pa ra ted by a short 
time interva l .  The f irst experiment requ ired th e sub j ect 
to t Tace a fu l ly vis i ble pa ttern a s  q u ickly a s  pos s ible . 
Know le age o f  the results  a s  eo overshoo t ing and und ershoot-
ing was provid ed . �e R2 wa s the a ltering o f  a motion a t  
a s pecific po int in the tra cing when a bell  ran g. Thre e 
cond itions w ere u s ed and the IS I ,  t ime bet ween bell  ringing 
and reach ing the po int of  a ·l tered performance , w as va ried . 
Th e resu lts ind ica t ed tha t  there wa s a 0 . 2 5  s econd d e lay in 
sto pping motion ·, wh ile  th ere wa s a 0 . 35 s eco nd d e lay in 
9 Hick , 2£· c it . , pp. 17 8 -17 9 . 
10E .  C. Pou lton , "Perceptua l Ant ic .. i Pa.t ion. a:n.d.. Re ­
act ion Time , " Qua rterly Journa l* of  Exper imenta l Psycho logy, 
2 : 99-112 ' May'  "1950 . 
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extend ing mot ion . In add ition , one hal f  the sub je cts 
dis played more over and und ershooting on the extens ion 
movements .  It wa s a l s o  found tha t mean RT of s ta rt ing the 
task wa s 0 .02 5  s e cond s longer tha n in s imple RT . Pou lton ' s 
f indings sugge s ted tha t  a skilled graded respo ns e  may not 
be a s imple s eries . The respons e may be contr ol led by a n  
ant i cip atory s ta te o f  the ent ire ta s k . RT a t  the po int of 
a ltera tion wa s e l im ina ted where the bell was pres ented 0 . 6  
s e cond s before the point wa s rea ched . Therefore , the 
sub j e ct mu s t  have been able to respond ,to the f irs t ta sk 
and a t  the same t ime rea ct to the s e cond . When a n  ISI  of 
0 ;3 s e cond s wa s u s ed there was a de lay in RT in 2 5 % of the 
ca ses , about one-th ird a s  man y a s  wh €n th ere wa s no warning 
pe riod . Ba s ed on the f ind ings of  Pou lton ' s  first  experi ­
ment , it  was felt  tha t  th e PRP wa s conne cted w ith refra cto­
riness of  the nerves ra ther than the entire sys tem . This  
pha s e  might be el imina ted if the sub je ct cou ld ant i cipa te 
and be prepa red . Th e grea ter d e lays in extens ions ind ·;tca te 
the importance of  fu ture a ct ivity ra the r than pa s t  or 
present . The d e lay  experien ced w as a ttributed to th e la ck 
of  read ines s  conne cted w ith a future prepa rednes s  or 
"menta l set . " 
11 Poulton ' s  s econd ex periment wa s d e s igned to 
d e te rmine if the PRP wa s a resu l t  of no t being pre pa red 
becau se the sub j ect d idn ' t know he  wa s go ing to have to 
res pond or becau s e  he  cou ld not pre pa re h ims e lf . The 
subj ect was requ ired to res pond to two s t imu l i , a be l l  and 
a ha mmer , s e pa ra ted by an ISI rang ing from 0 . 8  s econd s to 
0.1 aeconds .  On the f irst day , the subj ect had to res pond 
to both s t imul i  a s  q u ickly a s  pos s ible . The s econd day , 
the tes t ing cons iste d of  two pa rts . The s ub j ect wa s to 
concentra te on res pond ing to the s econd s igna l a s  qu ickly 
a s  pos s ible  in section one , wherea s the first s igna l wa s 
the ma in concern in sect ion two . When the ISI  wa s 0.2 
se conds and the sub j�ct wa s concentra t ing on mak ing the 
second reaction a s  q u ickly a s  pos s ible , there wa s a s ig -
ni ficant d i fference betw e en RT2 and a reaction to an 
u ne xpec ted s in gle  s t imu lu s . Th ere wa s no d ifference 
between the s ingle  s t imu lus  and RT1• Even when th e subj ect 
was able to pre pa re beca u s e  he wa s awa re of  when to rea c t  
the re wa s s till  a d elay .  I t  wa s hy pothes ized tha t  two 
menta l sets  a re need ed to react  to two expected s igna ls .  
l Libid . 
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Pos s i bly , pa rt of  the s econ d  set  may not be prepa re d  if  
there is active dis turbance in the foreperio d. There wa s 
no s ignificant difference between RT2 an d a s i ng l e  RT when 
the su bject wa s instructe d to disrega r d  the firs t s t imu l u s 
a t  lSI ' s  of  0 . 4  3n d 0 . 1 secon d. Thu s  th e expecte d f ir st 
' 
s igna l doe s  not show any effect on RT2 • The resu lts  o f  
Poulton ' s  work w ere re la te d  t o  the theory o f  rea dines s ,  
a lthough orig i na l ly he ment ione d the expectancy theory .  
LI TERATURE FR OM 19 51 T O  1960 
Davis12 initia te d his  stu dy o f  th e PRP as  a result  
of  previous  re sea rch . He wa s interes te d  in determining the 
rea -sons for the discrepancy between his  fin din gs and those 
of  ea rl ie r res ea rchers . In Davis ' s s tu dy the s u bject 
view e d  an i l lum ina te d  moving band beh in d  a screen w ith a 
s l it . The s u bjec t w as requ ire d to press  a key when a spot 
wa s ex pose d in the s l it .  The IS! range d from 0 . 05 to 1.0 
secon d. Two metho ds of re s p onse ,  sa �e finger on both han ds 
an d tw o fingers on the same han d, were use d. Th e resu lts  
in dica te d tha t  when the IS! wa s less  than 0 . 2 5  secon ds ,  RT2 
12 R .  Davis , "The  Limits of  the Psyc holog i,ca l 
Refractory Perio d, " Qu arterl y Journa l of  E!_xeerimenta l 
Psych �lo gy, 8 : 2 4-38 , Fe brua ry ,  19 36 . 
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wa s longer t han RT1• When t h e  ISI . wa s  lon ger , no  suc h 
delay wa s observed . As t he IS! increa s ed in s teps o f  0 . 05 
s econd s RT2 dec rea sed in s imila r s teps . Bot h met hods  o f  
reacting ga ve s imila r  resu lts . Davis su mmari zed t ha t :  
Discont inu ity in functioning o f  t he opera tor exists  
but not  for s o  long a period as  had been supposed • • • 
Early �a ta were no t rea l ly a d eq ua te evid ence for t he 
t heory . Previou s writers on refractory period have 
gro uped toge t h er a large variety of  re spons e s itua t io ns 
• • •  It  may be a rgued t ha t ,  w it h  t he more compl ica ted 
s ituations a ris ing in va rious  skills , t h e  d e lay may 
depen d on t h e  rela t ive amo unt of  informa t ion requ ired 
to perform t h e  ta sk a d eq ua tely . l 3  
Davis supported t h e  genera l PRP find ings but showe d t ha t  
t h e  limits w ere low er . He d id not s u pport the s ingle  
c �annel t heory at  t he motor end s . His su mma ry pres ented a 
version o f  t he confl �ct  t heory ba s ed on t h e  rela t ive a mount 
of informa t ion needed in t he skill  performance . 
An experiment on pa irs o f  react ion t imes · in wh ic h 
a na to mica l ly ind epend ent res ponses  c ould be s tud ied wa s 
14 d one by MB ril l . The experiment res u lted from co ns id ering 
t h e  previous  ta sks fro � a purely mec hanica l perspective . A 
1 3Ibid . ,  pp . 36-37  • 
. .. .. _ .. .. . .
14T ... Mar ill , "T h e  Psyc holog i ca l  Refractory P ha s e , " 
Brit is h  Journa l of  Experimenta l Psyc h ology,  48 : 93-97 , May , 
1957 . 
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dual RT ta s �  w as employed . When a left l ight f la shed , a 
key was pres s ed w ith the left hand and when a righ t l igh t 
fla shed another key wa s pre s s ed w ith the righ t hand . The 
IS ! ranged from 0 to 600 mil lisecond s . The results  
ind ·ica ted tha t ,  
Pres ent ing s t imu lus  two during the s t imu lu s ­
react ion one interva l ha s no appreci able  ef fect on th is  
interva l .  Once initi ated , re act ion t imes are no t 
d isturbed by th is  initi at ion of  ind epend en t respons es  
• • • There is a very s ignificant ch ange in re ·act ion 
time two a s  a function o f  the inters t imu lus  inte rv al 
• • • S ince the res pons es  in the present experiment 
were ana tomica lly ind epend ent . • • it is qu ite cle ar 
tha t initia t ing a respons e during the ea rl ier p art of  
another re act ion t ime leads to longer re act ion times 
than initia ting th is  res pons e a t  a l ater't ime . l S  
�rill ' s  work failed to support the moto r end · ver sion o f  
the s ingl e  channe l theo -ry s ince two ana to mic al ly ind epend ent 
respons es  w ere u s ed . 
In an effort to d etermine if there may be s ome 
connect i on between t he PRP and a s ingle  ch anne l  sys tem 
Dav is 16 conducted a s tudy u s ing two s ens e moda lit ies , 
a ud itory and visua l .  B as ica l ly D avis ' s  ta sk includ ed an 
1 5rb id . , P. 96 . 
16  . " R. Pa v:�s , _ The f!um an O pera to r  �s �- S.iP.g l_e _ .C.h annel 
S ystem , " gu arterly Journal o f  E xperiment al Psyc ho logy , · 
9 :1 1 9 - 12 9 , May ,  1957 . 
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a ud itory s1 to_ which th e s u bj ect  respo nd ed by pres s ing the 
lef r key . The s2 wa s a fla sh and th e s u bj ect  wa s to pre s s  
the righ t key . The lSI ranged from 5 0  t o  500 mil lisecond s . 
The res ults  for tho s e  w ith d omina ntly right hand s d id not 
d iffer s igni ficantly from those  who were d ominantly left 
hand ed . The o bserva t ion showed tha t  RT1 and RT2 w ere 
norma l from lS I ' s  of  2 50 mill is econds to . 500 millis econd s .  
A d e lay wa s s e en in visua l response s ince i t  i s  no rma l ly 
longe r. ··When the lSI was  les s than 2 50 mil l i second s , a 
f urther d elay wa s n uted . Th e d elay increas ed a s  the inter-
va l d ecrea s ed unt il  a max imum w a s  rea ched a t  50 millisecond s .  
As tbe IS I increa sed , the d elay d ecreas ed a t  a pproximately 
the same ra te . Ba s ed o �  the d a ta , the follow ing 
conclus ions w ere formu lated & 
The experiment seems clea rly to esta bl ish tha t  
d e lays of a s imila r ord er a re l ikely to oc cu r  whether 
·s igna ls  a re g iven in the same or d i fferent moda l it ies . 
The fact t h9t ' qu e ing ' of  a s igna l for centra l 
mechanism occurs in both s itua t ions s u ggests  tha t  the 
h um an opera tor func t ions a s  a s ingle  channel through 
w hich in fo rma t ion fr om bo th s ens es  has  to pa s s  before 
appropria te  respons es  a re organized . l7 
Davis fa iled to s upport the s enso ry mod a l ity s ingle channel 
theory s ince a d ela y s till  resu lted . He d id suggest  a 
17
I bid . ,  p .  12 8 .  
centra l refractory th eory . 
In an exper�ent des igne d to replica te certa in 
18 fac tors of  earlier res ea rchers , Wel for d a ttemp te d  to 
d etermine if the res ponse to a s timu lus  presente d du ring 
the react io n  o f  another s t imul u s -react ion s equence is  
de laye d for a d ura t ion a pproxima tely equa l to  the t ime 
20 
e la ps e d  between the presenta t ion o f  the s2 an d the 
com �letion of R1. Furthe r, he wante d to d ete rmine if two 
cl os e ly s pace d s igna ls  cou l d be reacte d to a s  one . The 
metho d u s e d  wa s s imilar to tha t u s e d  by Marill . 1� The 
res ults for th e res ponses  in wh ich the s t imu l i  w ere pre-
sente d  on d ifferen� s i d e s  s ho we d  a delay to the second 
movement wh en s2 wa s presente d d uring RT1 or d uring or 
shortly a fter the reco r d e d  f irs t moveme ut t ime . The RT ' s  
d iffere d very little  when the interva l betw een movement one 
com ple t ion and s2 wa s more than 0 . 5  secon d s . Welford 
bel i eve d the d e lay to be centra lly origina te d , thu s  sup-
port ing the centra l re fractory th eory .  The results  for th e 
18A .  T .  Welfor d , "Evi d ence o f  a S ingl e  Channel 
Decis ion Mechanism Limit ing Performance in a S eria l .  Re -. 
. action Ta sk , "  Qua rterly Journa l  of  Experimenta l Psych q_!£gy, 
11: 193-210 , May , 1959 . 
19 Maril l , ££· c it . , p p. 93-97 . 
\ 
2 1  
stimul -i on the sam e  s i de indicate d RT longer than when s1 
and s2 were on o pposite  s i de s  due t o  the necess i ty of  
eomplet �g movem ent one . 
In an effort t �  determine if  a ttent ion plays a role  
in  the PRP , Davis20 planne d an experiment u s ing same s ense 
and cro s s -sens e mo da l it ie s . The des ign incorpora te d two 
l ight s , earphones ,  an d two keys . The IS ! range d from 5 0  
mill is econ ds t o  50 0 m i ll is econds in 50 mill is econ d  s teps . 
The res ea rch s u pport e d ea rl ier resu lts  on PRP . In oth er 
words ,  th e delay in RT2 wa s maximum a t  the shortest  IS I an d 
b ecame neg l ig ible a s  the interva l neare d 250  mill iseconds .  
In a ddit ion ,  the r �sults  con firme d Dav is ' s2 1  f in dings in 
which the r everse s equence o f  a u ditory- visua l wa s us e d. A 
new fact w 2s observed, however ,  show ing tha t  th �re is 
a lmos t  as much delay in respon ding to _th e s2 only a s  when 
the sub ject wa s requ ire d to respon d  to both . Davis con -
el ude d th at th e delay in RT , when reac t ing t o  s2 only , i s  
due to  th e fact  tha t the sub j ect is  s t i l l  a tten ding to sl 
20R .  Davis , "The Ro le of  Attention in t he Psycho­
lo gi,ca l Refra·ctory Perio d, " Qua rterly Journa l o f  
Exper ime nta l Ps ych �l� ' 11: 12 1-130 , May ,  19 59 . 
21 · "T h 0 S Dav 1s , e Human pera tor a s  a ingle  Channel 
Sys tem , " loc . cit . 
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a nd not r �ady for s2 • Once a ga in ,  the s ingl e  channel 
t Heor y  at the s ensory end s wa s not supported . In addition , 
the motor end s weren ' t  involved s ince no movement wa s re -
q uired . It wa s sugges ted tha t the read ines s  theory wa s 
supported . 
�22 A hypothe s is wa s introd uced by Ha rrison s ta t ing 
tha t the PRP is  absent w hen s1 and R1 a re unva rying and of  
the s imple reaction type and wh en R2 to s2 is as  short as  
pos s ible . Essent ia l ly the ta sk requ ired the su bject to 
pre s s  a button in reaction to s1 • After an IS I of  from 
0 . 05  to 0 . 60  s econd s s2 fla shed and the su bject res pond ed 
b ymo �ing th e butt �n be had pres s ed in reaction to s1 to 
the left or to th e righ t . Three testing conditions in-
eluded reacting to s1 and s2 , no movement to s1 but 
reacting to s2 , and a react ion to th e gres enta tion o f  only 
s2 • The results  suppo ,rted other stud ies show ing the in­
abil ity of  th e sub je ct to  re s p ond to s2 w he n  the IS I is 
re la t i vEly short . T be da t a  col lected in the second condi-
t ion showed tha t RT2 wa s a lmost the same a s  in cond it io n 
22J .  S . Ha rrison , "Psychologica l Refractorines s  and 
the La tency Time of Two Consecu t ive Motor Res ponses ," 
Res earch Qua rterly , 31 : 590 -600 , December , 1960 . 
one a t  a longer IS! . Th e RT a lso  d ecrea s ed a s  the IS!  
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increa sed , but  22 % less  than th e d ua l  presenta t ions tria l s .  
Cond itio n th ree resu lted in da ta s im i la r  to  th e re su lts o f  
cond it ion one a t  th e shor ter ISI , lead ing Harrison to 
comment tha t  the d elay is no t a tru e  re fractortne s s  when 
R1 is short and s imple . He fe lt tha t a fore perlod ­
expectancy p henomenon o f  s2 wa s more in fluentia l in 
d etermining the d e lay . 
LITERATURE FROM 196 1  TO THE PR ESENT 
2 3  Kro l l  a ttempted to inves t iga te  the e ffect  o f  IS!  
-
on pa ired aud itory-visua l and visua l -a ud itory s t imu l i  a nd 
hand RT . Th e pr ocedures  involved res p ond ing to aud itory 
and visua l s t imu l i  w ith each hand in p aired s itua t io n. The 
ISI  va ried from SO mill isecond s to SOO millis econd s in 
s teps Qf SO mil lisecond s .  There wa s no s igni ficant d i ffer-
ence between th e fou r  s imple  RT ' s .  In the pa ired RT stu dy 
it  wa s found tha t RT wa s shorter wh en it wa s a lo ne than 
·when it wa s pa rt o f  a pa ired s equence . Furthermore , RT2 
23 w. Kroll , "Rela t ion o f  the Interva l o f  Time 
Between _P _a .. i .r _e_d _ A.u.9 . .  i..t9.I:Y ;3_nd Vis ua l  S t imu l i  and Reaction 
Time , " Res ea rch Qua rterly , 32 : 36 7 - 381, October , 1961. 
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in a pa ired response was significantly longer than the 
stmple RT. Kroll also failed to support the single channel 
theory both at motor and sensory ends. 
Henry and Harrison24 conducted research to test the 
following statements. 
In general, the program discharge time would be 
long and would be pro portioned to the movement length. 
Under the theoretical assumption that a new program, 
even though it involves different or antagonistic 
muscles, cannot begin its outflow until the existing 
program has been reBd out, refra�toriness should be 
present during a considerable part of the movement at 
least.25 
The apparatus used was designed to measure the action of a 
forward arm S""..aing . The IS I '.s were . 10 ,  .19 ,  • 2 7, and • 35 
seconds . The results indicated that the RT's varied sig-
nificantly among t he four lSI's. It was also shown that 
--mGvement reversal was very difficult in the task presented. 
Henry and Harrison also found that the maximal speed arm 
swing was resistant to reversal. However, the reversal 
could "be in itia ted to s2 when the lS I was 0 . 19 seconds or 
less . The slowing of the forward movement began at 0.41 
24 F. M. Henry and J. S. Harrison, "Refractoriness 
of a Fast Movement," Perceptual and Motor Skills, 13: 351-
354, July, 1961. 
25Ibid.·, p. 3 51. 
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s econd s a fter th e s2 occurrence , but the a rm  sw ing s eldom 
sto pped before co mplet ing its d is tance to th e target . The 
work o f  Henry and Ha rrison was cen tered on a centra l 
refractory theory ba s ed on movement impu lses . Th e system 
is cons id e red refractory to the s econd movement until  a l l  
the imp ulses  neces sary for the firs t  movement a re completed . 
Kay and We iss26  a ttempted to d etermine if the ISI 
wa s the only cau s e  o f  d e lay in RT2 • s1 and s2 w ere 
s e pa ra ted by lS I ' s  of 25 through 1000 mil l is econd s . Eigh t 
cond itions includ ed s i..rnpl e RT ' s and combina t ions of  one 
and two s t imu l i . At th e shortest  IS!  th e d e lay in RT2 was  
--
m �x ima l .  Th e resul �s a l so ind ica ted tha t the RT1 is 
delayed when experimenta l cond itions w ere unexpected . 
When the IS ! pre s enta tion wa s regu la r ,  th e d ela y. in RT2 wa s 
less  than when the IS! varied . Th e  expec tancy theory was 
ba s ica l ly the concern o f  Kay a nd Weiss  in d ete rmini ng if 
the IS ! wa s the s ole factor in d elay . 
Adams
2 7 cond ucted a s tudy in wh ich he contro l led 
2 6H .  Kay and A .  D .  We is s , "Re lat ionsh ip Between 
S im pl e  and Ser ial Reaction Time , "  Na ture , 191: 790-791, 
Augus t , 1961. 
27J " f h . • Adams , Tes t  o t e Hypo thes �s o f  the Psy�ho-
log ica l Refractory  Period , " Journal o f  Experimenta l 
Ps ycho logy, 64:280-287, September, 1962 . 
26 
the redundancy of th e IS I in a two d i mens iona l ,  bis ensory ,  
d iscrete tracking ta s k . The ta s k  invo lv ed r es pond i ng to 
visua l and a ud itory s timul i  w ith a two i nch c ont rol s t ick . 
IS I' s o f  0 ,  100 , 2 00 , 400 ,  and 800 mil l i seco nd s  were u s ed , 
wit h  th e freq uency o f  the 1 00 millisecond inte rva l be ing 
mani pu la ted . The da ta revea led t ha t  the bis ens ory aud io -
r eaction t �e (RT2 ) wa s s ignificantly poorer than the uni-
s ensory react ion time at t he z ero in terval . However ,  only 
those  su bj ects  w ith h igh u ncerta inty had s ignif icant d e lays 
a t  the 100 an d 2 00 millis econd inte rva ls. Acco rding to 
Adams : 
Decrement s in re sponse to the s econd o f  two clos e ly 
s paced s t i mul i wa s g rea test  w hen t h e  stimu lus  s eries 
had h i gh time un �ert:.a inty , a nd �AJa s re liabl y less  �vhe n 
time unce rta inty wa s mod era te o r  lo w. T he f ind ings do 
not a l low re jection of  th e o ·ne -channel hypothes is be­
cau s e  even the gro up w it h  low tempo ral uncerta inty in 
t heir  st im ulus  s er ies had a s ignific ant a mo unt o f  
d ecreme nt in bis ens o ry a ud io react i on t h�e scores fo r 
s t imu l us pa irs tha t occu rred si mu l ta neo usly . 28 
Adams d eve lope d h is work  in a manner to enco mpa ss tw o o f  
the ba s ic ... theories. He inc lud ed the e xpecta ncy theo ry and 
a ls o  gave s o me s uppo rt to the s ing l e -c ha nne l hypot he s is . 
2 8 Ibid . ,  p. 28 6 . 
27 
29 Creamer hypoth e s ized tha t  event uncerta inty in 
two concurrent s timul i  series is  a bas ic d efining cond it ion 
for the limit bf human d a ta process ing . The ta s k  wa s 
perfo�ed on a d iscrete  trdcking a pparatus similar to th e 
30 one used by Adams,.. The results  for aud io performance 
and temporal certa inty ind ica ted tha t the decrement va ried 
a s  a funct ion of the ISI w ith th e grea tes t d ecrement 
occurring a t  the short e s t  ISI . In the tempora l uncerta inty 
grpup-aud io performance , d ecrements scores for the inter-
va ls were computed showing a s ignif icant improvement in RT 
varying a s  a funct ion of the IS I in a l l  but the 800 mil l i-
seconds interva l . The results  w ere s imila r  to but s l ightly 
greater than the tempora l certa inty group. When there wa s 
both time and event uncerta inty , impa irment occurred to the 
400 milliseconds interva l ,  a s  compared to the 200 mil li-
seconds for the tempora l  certa in group only . Analys is of 
the tempora l certa inty-visua l performance groups d isplayed 
significant d ecrement scores for th e bisensory visua l 
- 29 " . L. R. Creamer , Event Uncerta inty , PsychoLog �c� l 
R�fractory Period , and Human Da ta Proces s ing , "  Journa l of 
Experimenta l  Psycho logy , 66 : 1 8 7 -194 , August , 1 9 6 3 . 
-
30 Adams , ££· cit. ,  p p . 2 80-282 . 
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respons e a t  a l l  lSI ' s except 800 mill iseconds wh ile  the 
tempora l uncerta in visua l perfo rmance gro up had a s ig -
nificant bisensory visua l impa i rment a t  every  ISI . Creamer 
s u mma rized h is work s ta t ing th a t  
The h uman i s  a s ingl e  channel data process ing 
system provid ing th at event uncerta inty is pre sent in 
the series . In the ma in experiment • . •  where the 
problem wa s one o f  resolv ing event uncerta inty with 
tempora l expectan¢ies contro l led , res pons e d e lays can 
be �scribed to a human l imitat ion for the centra l 
dec is ion funct ions o f  process ing cho ices among s t imu l i . 
The average dura t ion o f  the re fractory period for t he 
tempora l  certa in gro ups wa s bet ween 200 and 400 ms ec .  
Group t ime uncerta inty had • • • impa irments • • • 
from zero thr.ough 400 ms ec . d e lay . Perfo rmance wa s 
comp arable to the t ime certa in group except for th e 
• • •  400 ms ec . d elay .Jl 
In the s ta tement o f  summary it  was ind icated tha t  three 
d ifferent theories were j o ined . These  inc lud ed the s ingle 
channel ,  expectancy , and conf lict theories . 
Gottsdanker,  Bro adbent , and Van Sant32 cond ucted 
some experimenta t ion to comp are th e ta s k  RT for a s ing le  
cho ice and the RT for th is cho ice when it wa s the first  o f  
r 
t wo react ions . Respon ses  to fo ur s t imulus l ights were mad e  
31L. R.  Creamer ,  22· c it . , pp . 193-194 . 
3 2  R .  Gottsdanker , L .  Broadbent , and C .  Van . .. S�nt , 
"Re�c.t i.OP:. :I'ime. to  � S ingle  and to F irst S igna ls , " Journa l  
o f  Experimenta l Psychology , 66 : 163-1 67 ,  August , 196 3 .  · 
29 
by mo ving a lever with eac h hand . The subj ect firs t 
per fo rmed s imple RT tes ts fo l lo wed by tes t ing of  th e double 
choic e co nd itions . The compa rison ·  sho wed tha t the s ingle 
RT is shorter than the f irst RT of the double cho ice . The 
fact t ha t  the RT is longer wh �n th e ·  s u bj ect  kno ws he mus t 
make anothe r respon se supports Pou lton ' s33  thes is . Poulton 
cons id ered tha t  the RT to the firs t of  a d o uble c ho ice is 
a part of a complex opera tion . S ince s epara te hand s wer e  
used , the d e lay wa s n ot a res u lt o f  a former o r  fu ture 
precis ion re qu ir ement of  res pons e .  Gottsdanker , Broadbent , 
and Van Sant sugges ted tha t the s u bj ect is not able  to 
c 6ncentrate as wel l  when a s econd response is need ed 
cau s ing an increa s e  in RT . Th is  d e lay is s imila r to those  
cla s s ified und er th e read ine s s  theory .  
An experiment wa s cond ucted by Davis 34 t o  dete nnine 
the effect of  s1 on the d elay in RT2 • The s1 wa s 
elim ina ted .completely and wa s replaced with a res pons e mad e  
b y. the s ub ject at h is co nvenience . Th e respons e wa s 
33  Pou l ton , loc . cit • 
. _ .. . _ _ _ _  -�4R •.. . P�y_i,s., _ ."A�P.e .. c.t _a.n �y_. a.nd . .. In,te :r1Il.i _ttency , " 
Quarte ;l y_  Jou rn.:t l o f  Experimenta 1 Psychology ,  17 : 7  5 - 7  8 ,  
Februa ry , 1965  • .  
fol lo wed by an IS! of  50  through 500 mill isecond s .  The 
30 
sub j ect was then requ ired to react  to a visua l s igna l . No 
d e lays were found in RT even a t  the shortest lS I ' s .  The 
results  tend ed to follo w the theory tha t  the f irst s igna l 
inf lu enced abil ity to  get  set  a s  s ta t ed in the read ines s  
theory .  
In a rev ie w a rt icle , Smith 35  d ea l t  with various 
theories conc ern ing the PRP . The theories were p la ced into 
three ma j or c la s s if ica t ions . Essentia l ly ,  th eories in the 
initia l  c la s s ificat ion c la imed tha t  s1 a ffects  s2 and a re 
cons id ered centra l refractoriness  theories . The s econd , 
prepara tory s ta t e  theories , postu la tes  tha t  the d elay is 
due  to  the inabil ity of  the subj ect to be ready to respond 
to s 2 • The la s t  c la s s ificat ion , s ingle channe l the orie s ,  
a ttributes th e d e la y  to a section o f  the proces s ing 
proced ure tha t can only hand le one s t imu lu s a t  a t ime . 
Concerning th e centra l refractorine s s  th eory , a s  the IS!  
is increa sed the d e lay in RT2 is d ecrea s ed until the length 
of  the interva l is equa l to or  grea ter than the refractory 
35M .  C .  Smith, "Th.eories of  the .P�ycho log ica l 
Refracto·ry Period , " Psycho logica l Bu l le t in ,  6 7 : 20 2 -213 , 
March , 1967 . 
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period . Furth e r ,  s ince th e speed of  nerve impulse  
cond uction is  not d epend ent upon the pos s ibilities un-
certa inty should not be an influence . The inverse  between 
IS!  and delay ha s been substant ia ted but no physio log ica l 
delay o f  magnitud e  ha s been fQund in the nervou s  sys tem . 
The theories of the prepara tory state  groups can be 
d ivided into two cla s s ifica tions . In expectancy theorie s , 
the delay in RT2 is expla ined by th e fact tha t the h ighest  
expectancy is  a t  the mean lS I .  Pred ict ions s uggest tha t 
the delay is a result  of  the rela tive va lue o:  the ISI . 
36 It has been shown by Adams tha t an increa s e  in frequency 
-
of a short ISI  causes  a d ecreas e  in RT2 • However ,  the 
delay a t  the shortest  lSI  was s t ill  great er than any other . 
It  was a ls o  pred icted tha t if a f ixed IS!  was  u s ed , the 
delay could be red uced to  zero . Yet , Creamer37 · used f ixed 
lSI ' s  and still  a d elay wa s observed . In th e read iness 
theory , the d e lay in R2 is due to  the need of  th e sub j ect 
to have a foreperiod o f  time to  become prepared . Poulton 
supported th is theory in th a t  the d elay " wa s a t  lea s t  
36 Adams , loc . c it . 
37  Creamer , loc . c it . 
partly due  to the sub j ect not being able to prepa re h im­
self . "3
8 
Kay and We is s 3
9 
a lso found that the d e lay was 
increa s ed when the sub j ect had to  respond to both s t imul i  
32 
and wa s influenced by uncerta inty as to when s1 would occur .  
The s ingle channel theory can a lso be d ivid ed into c la s s i-
ficat ions . The perceptual d e lay th eo ry postula tes tha t 
stimul i  arriving s imul taneous ly should be proces s ed a s  one 
w ith no d e lay . Reports of  reactions w ith no d elays have 
not been found . Als o  the t ime ne ed ed to s elect a response 
to s 1 shou ld not ca u s e  a d elay in RT2 • The process ing of 
R1 is cons tant and therefore the d e lay in RT2 should be 
- 40 constant . The d e lay is. not cons tant however . Furthe r ,  
no d elay should b e  present if two s ense moda l it ie s  were 
used , and yet Davis
41 
s t il l  found d e lays . Others feel Lha t 
the theory of inh ibit ion of response is th e ba s is for the 
d e lay . 
. 42 
Kay and We is s pre s ented s ome informa t ion w ith 
38 Pou lton ,  2£· c it . , p .  109 . 
39Kay and '·7 • 1 · t w e�ss ' oc . c �  . 
40
Ibid . 
41
navis , "Expectancy and Intermittency , "  pp . 7 5 - 7 8 . 
42
Kay and Weis s , loc . c it . 
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regard to the execu tion of  a response .  Although no respo-::1s e 
was required to s1 the re wa s  s t i l l  a d elay . The d e lay was  
sma lle r  and there.f.ore compe t ing responses may b e  pa rt ia l ly 
connected w ith th e increas e . Perhaps s imilarity of 
responses d ecrea s e  the d e lay , but th is hypothes is lacks 
experimenta l support . The response s e lect ion th eory s ta tes 
tha t two response s  cannot b e  s e lect ed at the same time . s2 
is held unt il R1 is s e l ec ted . Cons equently , the d e lay in 
RT2 shou ld be d irectly rela ted to �he time  requ ired to 
process  s1 . If a response to s1 is not requ ired , then 
selec tion time would not be necessary and th ere sh ou ld be 
no d e lay . Fu;-ther , if the "storage" occurs only d uring 
selection of  response one , then s e lection of res pons e two 
should be initia ted d uring R1 . However , these  l ines o£ 
reasoning have no t been s u f f ic iently res earch ed . 
B 1 d T .  43 h d d . e!'te s on an 1.s s eyre searc e to e t erm1.ne 
whe ther a nega t ive s t imu l i  wou ld requ ire ana lys is t ime 
therefore resu l t ing in a d e layed RT2 • Respons e s  to the 
stimuli , fla sh ing letters , were mad e on three keys . Th e  
43 P .  Berte.l .. son �:nd . .F .  Tis s ey;r� , __ ."Re�;rac.t_o_;ry_ _Period 
of C - Reactions , "  Journa l of ExE_e rimenta l Psychology , 
79 : 122 -12 8 ,  Janua ry , 196 9 .  
34 
(. 
IS I were O ,  SO , 100 , 150 , 200 , 300 , 400 , 500 and 700 mil l i-
s econd s . The s ub j ects \'l7ere given performance feedback . 
The results  revea led tha t the RT2 wa s longer a t  the shorter 
ISI a fter th e pos itive and nega t ive s t imul i  than at the 
l�nger IS ! .  In an attempt to c la rify the results , a 
s econd experimen t  wa s performed . The method and resulting 
data w ere s imilar to experiment one . When the IS I wa s 
shor� , there wa s a d e lay in RT2 • Th is find ing occurred 
wh ether or not _the sub j ec t  wa s p resented w ith a s1 tha t  d id 
or  d id not requ ire a respons e .  The f ind ings tha t  the 
ind ivid ua l attend s to s1 whe th er o r  not he  is requ ired to 
. h h 1 f D . ' 
44 
k d react concur w�t t e resu ts  o av�s s '".'110r an 
suggests  th e read ines s  theory . 
I d ' H d Ka . 45 h h t was  suggeste oy erman an ntow J.t·z t a t  t e 
stud ies d one concerning the PRP had overlooked a� important 
sect ion of th e da ta collected , i . e . , th e RT to the firs t of 
two succes s ive s t imu l i . Three cond itions were presented . 
44
navis , "The Ro le  of Attent ion in the Psycho­
log ica l Refractory Period , "  loc . c it . 
45 
L.  M.  Herman and B .  H .  Kantow itz , "Th e Psycho -
logica l Refractory Effec_t : Only Ha l_f th e Double 
Stimula t ion Story , "  Psychologica l Bu lletin ,  73 : 74- 8 8 , 
January ,  1 9 70 . 
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Cond ition one involved a reaction to _s1 and a reaction to 
s2 • .Cond ition two wa s s L-nilar except no response to s2 
was requ ired . Condition two was  d e s igned to evalua te the 
eff ects of s2 on RT1 • Cond ition three conta ined one S and 
one R and w a s  developed to a llow a comparison of RT1 in a 
d ouble sti�ula t ion tria l  w ith RT o f  a s ingle stimula t ion 
tria l .  A review of f ive ma j or theories concerning the PRP 
were presented to d etermine if a change in RT1 could be 
pred icted . The changes in RT1 were c la s s ified as in­
creased (delayed ) ,  d ecrea sed ( fa c il ita ted ) ,  or norma l ( un­
d elayed or fac il ita ted react ion) . The centra l ref ractory 
tneor� d oes not connect RT1 with any PRP . Therefore , RT1 
w ill not be d elayed . If how ever , s 1 and s2 ar� presented 
w ith a very short lS I there may be tempora l summa t ion . 
Consequently the summa t ion would result  in a fas ter than 
no·rrna l  RT1 a t  shorter lSI ' s  and a norma l RT1 a t  the longer 
interva l s . Ba s ica lly th e expectancy theory pr�d ic.ts no 
d elay in RT1 s ince only events preceed ing s1 will  effect 
R1 • The lS I or the presenta t ion o f  s2 should no t be 
influentia l .  Ynere is a pos s ib il ity tha t  RT1 can be d e­
layed becaus e  of externa l inh ibitions , tha t being s2 
cons id ered novel and d isrupting to RT1 . Two pred ict ions 
36 
concerning RT1 were d eveloped in rela t ion to the thought of 
i 
�xterna l  inh ib i t ion . First the RT would be r�pres ented by 
. � a U-shaped curve w ith the lowest  ( facilita ted ) RT a t  the 
mean ISI . Th e s econd vers ion is s imila r s ince there is  
less· d elay as the IS.I increa s e s . The foreFeriod dura tion 
is the primary influence on RT1 accord ing to the read iness 
theory . Th is theory a lso  pos tulates an unde �ayed RT1 . 
Accord ing to the s ingle channe l theory ,  s1 and R1 mus t  be 
completed before a ttent ion can be g iven to s2 • Th is und er­
s tand ing of the theory s tJgge s ts a norma l RT1 rega rd le s s  of 
the IS I .  Borger
46 
hypothes ized tha t  R1 is s tored unt il s2 
is
-
presented and R2 is chosen . R1 and R2 a re initiated 
j o intly . If the IS I is less  than th e nonna l RT1 there is 
a d elayed but cons tant RT1 • As the IS! in_creas e s  beyond 
the s e l ection of res pons e one , RT1 increas e s  a s  th e ISI 
increa ses . The s econd hypothes is is  ba s ed on an informa -
tion proc es s ing stra tegy . s 1 is s tored unt il s2 is 
pre s ented re sulting in a j o int respons e . Thus , there w ill 
be an increased d e lay as the IS I increa s es . The respons e 
46
R .  Borger_,_ ' �:rh� Re fra�.t.o.ry Peripd_ a.nd . . $.e.�_ia l  
C.h.9ic.e .R.eact ions , " Quar:_ter1y Journa l of  Experimenta l 
Psycho log�, 15 : 1 - 12 , Februa ry , 1 96 3 . 
37  
confl ict, th eory postula tes  tha t  RT1 is d elayed as the ISI  
increases . Th is range can be from a RT1 tha t  is  h ighly 
delayed to one tha t  is fac il ita ted . The d egree w il l  
d epend on the extent t o  wh ich s2 effects R1 • 
A review of s evera l PRP s tu d ies presented an under-
stand ing of RT in relat ion to uncerta inty of  s1 and s2 . 
Th e  s tud ies w ere d ivid ed into three rela t ionsh ips : s 1 and 
s2 eve�t uncerta inty , s 1 uncerta inty and s2 certa inty , and 
s1 and s2 event certa inty . In review ing the s tu d ie s , there 
was a d e lay in RT1 w ith both s2 cert� inty and uncerta inty . 
The knowl edge  collected fa i led to support the theories of 
centra l refractory ,. read ine s s , o r  s ingle  channe l .  The data 
does offer s ome support to the expectancy theory and 
response -confl ict theory .  Both th eories pred ict a d e lay in 
RT1 d e�rea s ing a s  the ISI  increa s e s . In summarizing , 
Herman and Kantow itz s ta ted the follow ing : 
The d.9 ta sh :>w ing tha t incompa t ib il ity or  ' antago­
nism ' of the R1 and R2 movements a fter RT1 canno t  be 
incorpora ted with in an expec tancy pos it ion , how ever , 
s ince tempora l factors and not response factors are th e 
gris t for th e expectancy mill  • • • The longer RT1 
a ss oc ia ted with an increa se in uncerta inty o f  th e second 
res pons e may be expla ined through respons e conf l ict 
theory a s  reflecting th e increa se in the number of 
compet ing respons e tend enc ies pres ent in th e ta sk , 
yield grea ter res pons e conf l ict . 47 
47 
Herman and Kantow itz , £2· c it . , p .  82 . 
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In a d iscuss ion of  experiments in wh ich R2 was omit ted the 
res·ponse. la t ency to s1 and s2 w ere va riables . R1 wa s overt 
and R2 wa s inferable . Th e s tud ies were d ivid ed . into three 
groups : S and R c erta inty , S uncerta inty and R certa inty , 
and S and R uncerta inty . There is an ind ica t ion tha t  RT1 
is longer when the cond it ions of  s t imu lus response uncer-
ta inty exis t s , respons e  t end enc ies are o ppo s ing and s2 
occurs hefore R1 ha s begun . There wa s no effec t on RT1 
h h d •  " . f . "  w en t e res ponse ten enc �es were re �n orc �ng . 
, ranged from und e layed to fac ilita ted , the latter be ing 
present in the cond it ions of s t imulus or res ponse un-
c�tainty . Ne ither the c.entra l refractory theory , the 
read ines s  th�ory , nor th e s ingl e  channel theory can ga in 
support from th ese s tud ies . As w ith the f irs t three , the 
expectancy theory cannot account for a longer RT1 , but the 
response confl ict can . Accord ing to the confl ict theory 
uncerta inty and respons e confl ict a re d irect ly re la ted . 
The review ind ica tes  tha t RT d e lays a re a s soc ia teil w ith 
response certa inty . A longer RT1 may res u l t  when there is 
no R2 than when there is a s econd respo�se requ ired . Th is 
stems from the fact tha t  when there are two respons e s  
necessary th ey may be in conf l ict , but there i s  s ome 
rela tion .  When a s econd respons e is not. requ ired there is 
3 9  
no connection between response tend ency one and res pons e 
tend ency two .  In double  stimula t ion pres enta t ions requ ir-
ing no R2 , a combina t ion of s t imu l�s -respons e uncerta inty 
and conf l icting res ponse tend e�c ies resu lted in a RT1 d e ­
lay . RTi may b e  d ecrea s ed i f  the res ponse tend enc ies a re 
s imila r .  It was felt that the res pons e -confl ict theory is 
s upported by the RT1 delays . The authors summa rize by 
s ta ting : 
We feel , th erefore , that  th ere is l ittle  rea son for 
reta ining any of th e reviewed theories of th e psycho ­
logica l refractory period effec t o�her than the 
respons e conflict theory . Overa l l , the response 
confl ic t  th eory s uggests tha t reaction time one and 
react-ion t ime two ch<3 racteristic s  in double-stimu la t ion 
- reaction time ta sks are a t tribu table to the interactive 
effect s  of the res ponse tend enc ies a s soc ia ted w i th th e 
two s t imu l i ,  s1 and s2 .
48 
Incorpora t ing the same a ppa ra tus  and movement a s  
d b H d H · 
49 W " ll "  SO d h use  y enry an a rr1.son , 1. 1.ams compa re t e 
s ingle  channel and 'memory d rum concepts of refractoriness . 
IS! o f  . 10 and . 20 s econd s w ere presented randomly repre sent-
ing two cond itions . The th ird cond ition involved only one 
48 
Ibid • , p . 8 7 . 
49 .Henry and Ha rrison , loc . cit . 
50i.. R· T .  Wt'l l iams ' "Refractorines s  of a Long . 
" ' Movement , Res ea rc� Qua rte�, 42 z 212 -219 ,  May , 19 7 1 . 
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stimu lu s . The data . showed no s ignificant d ifference in RT1 
fo� the three cond itions . RT2 was  ca lcu lated and a d e lay 
was shown when s2 occurred d uring RT1 • The result  a l s o  
showed tha t  the subj ect cou ld initia te a revers a l  when s2 
occurred , but in no case  wa s it pos s ible  to s top before 
completing the movement to the ta rget . The resu lts w ere 
compa red w ith those  of  Henry and Ha rrison . 51  The pa ttern 
was the same in movement time and d ec e lera t ion t ime . In 
both s tud ies , actua l reversa l  of movement was  no t observed . 
Two definitions of  refractorines s  w ere cons id ered wh en 
d iscus s ing th e res u l ts . If refractorines s  w ere to be  d e -
ftned a s  a n  increa s e  in RT2 , such an occurrence was shown 
when s2 was  presented d uring RT1 . The s econd definition 
refers to refractorine s s  a s  the inabil ity to ch�nge a 
movement . The d a ta show ed tha t  once R1 wa s well  und erway 
the movement could not be changed . If the movement had 
been longer  there may have been a change in d irection 
a ccord ing to the s ing le  channel theory . A f ina l d iscu s s ion 
wa s ba s ed on the resu lts  o f  both s tud ies . 
Pool ing the results  o f  the pres ent s tudy and the 
Henry and Harrison experim ent , a pproxima tely ha lf the 
5 1  Henry and Ha rrison , loc . cit . 
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res ponse s  at  the . 20 s econd d e lay resulted in a 
tripping of  the d ecelerometer , and occurred a t  a lmos t  
exactly . 20 secon� s a fter the complet ion o f  RT1 • That 
is to say , response s  to s2 were be ing mad e  after one 
norma l reaction time after R1 • Moreover ,  pla c ing s2 
. 10 s econd s ea rlier d id not a pprec iably change the 
t ime tha t the d ecelerometer wa s tripped - - it occurred 
on the average , only . 006 second s earl ier .  Th is is 52 
j u s t  wha t the s ingl e -channel concept wou ld pred ict . 
SUMMARY 
The l itera ture supports the hypoth e s is tha t  there 
is a d e lay (PRP) experienced in reacting to the s econd of 
two closely s paced stimul i  s e para t ed by an lSI from 50 to 
25_0 millisecond s . It was a ls o  found tha t  the longer d e lays 
were a ssoc ia ted w ith the shorter lSI ' s .  There is , however , 
some controversy a s  to the cause of  th is d e lay . The delay 
doesn ' t  seem to b e  connected w ith the s ingl e  channel theory 
a t  the motor o r  s ensory end s of a reaction sequence . When 
two s enses , visual and a ud itory ,  and/or two s epa rate motor 
end s , left and righ t hand s , w ere incorporated a d elay wa s 
s t il l  evid ent . The c entra l-refractory theory of the PRP 
has not been supported s ince phys iologica l d e lays in the 
human nervous sys tem of  a magnitud e tha t would compa re to 
5l
wil l iams , ££· c it . , p .  2 1 8 . 
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the PRP have not been found . Expectancy was shown to be  
influentia l ,  bu t does  not  appear to be  the complete ex-
plana tion . Expectancy wa s contro lled a t  a h igh l evel by· 
manipula tion of  the frequ ency o£  the ISI .  The testing of  
the th eory d id show a d ecrea s e  in th e d elay , but it wa s not 
compl etely e l imina ted . The confl ic t ing res pons e th eory is 
a l so an incomplete explana tion s ince the d e lay is present 
even when the subj ect isn ' t requ ired to respond to s1 • 
Thu s ,  the influence of R1 cou ld not cau s e  the d e lay s ince 
there wa s no R1 • 
The influ ence of  certa inty on the PRP has  a l so  been 
s tud ied . A�ams53 manipu lated response certa inty wh ile  
Creamer54 contro lled tempora l a nd re sponse certa inty . Both 
found tha t th e certa in ty wa s influent ia l in reduc ing d e lay . 
Th e certa inty levels were an exampl e  of  work done rela ted 
to  the expec tancy th eory .  5 5  As s ta ted by Ch ris t ina , "the 
d elay in reacting to unexpected • • • might be reduced if 
5 3  Adams , l oc . c it . 
54 Creamer , loc . cit . 
55R .  W .  Christ ina , "Minimum Visual Feedback 
Proc e s s ing Time·  for the Amendoent of  an Incorrec t Movement , " 
Perceptua l a nd Motor Ski lls , 31 : 994 , December , 1970 . 
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� could accura te ly ant icipa te . • •  " S ince certa inty is a 
bas1.s for antic ipa tion ,  increa s ed l evels  o f  certa inty 
could cau s e  d ecrea s ing d e lays in RT2 • 
CHAPTER III  
RESEARCH PROCEDURES 
A ta sk  requ iring sub j ec t s  to react to stimul i  pre­
s ented in -va rying pa tterns was  u s ed to d etermine the effect 
of increa s ing levels of unisensory event certa inty on th e 
psychologica l refractory period (PRP) . The resu lts 
obta ined were ana lyzed ba s ed on the d ifferences in res pons e 
pa tterns . One re spons e  pa ttern included those  results  in 
an expected pa ttern , wh ile the other conta ined th ose  w ith 
a revers ed pa ttern . 
SUBJECTS 
E ighty ma l e  col lege s tud ents from the genera l 
ed ucation program a t  the Sta te Univers ity Col lege a t  
Brockport served vo lunta rily a s  sub j ects  during the summer 
sess"ion of 1 9 7 1 . The i:t; ages  ranged from e ighte-en to 
twenty-s even yea rs . All subj ec ts  cons idered themselves t6 
be  right -hand ed , and there were no Phys ica l Educa tion 
Ma j ors inc lud ed in the testing . The s ub j ects  w ere a s s igned 
to the experimenta l groups  by u s e  o f  a table of  random 
numbers . 
APPARATUS 
The d evice d e s igned for presenta t ion of th e four 
types of  visua l s t imu l i  and mea suring the react ion time 
(RT) to the s e  stimu l i  wa s pos it ioned on a table  th irty-one 
inches  h igh d irectly in front of the subj ect a s  shown in 
Figure 3 . 1 . The a ppa ra tu s  w a s  composed of a s t imu lus  
pane l , a reaction sw itch panel , and two movement ta rget  
panels . The rela t ionsh ip of  the pane ls  is presented in 
Figure 3 . 2 .  All pane l s  w ere id ent ica l in sha pe and 
d imens ions . A pane l cons is ted of  a 13 x 13 inch piece of 
plywood pa inted fla t  black . Bord ering the plyw9od were 
1/2 inch th ick pine boa rd s  pa inted wh ite . 
The stimu lus  pane l wa s posit ioned in a vert ica l 
plane twenty inch es from th e sub j ec t . Three 6 -volt lamps 
w ith colored crowns w ere loca ted on th is pane l . The warn­
ing l ight wa s green and wa s loca ted in the center of the 
panel 3 .  5 inches from the top . Above it wa s a la be·l en­
t itled ''WARNING LIGHT . " Two inches  below the wa rning 
l ight and 1 . 25 inches  to e ither s id e  w ere the s t imu lus  
lights . The left l ight wa s wh ite and the right l ight wa s 
Figure 3 . 1  
Subj ect and Appa ra tus 
Figure 3 . 2 
Appa ra tus 
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red . 
The ·  reaction panel wa s loca ted on a horizonta l 
plane forming a r�ght angle  w ith the s t imulus  pane l . Two 
microsw itches  were placed on th is pane l .  Thes e sw itche s 
w ere ins ta l led below the boa rd s o  tha t the buttons came 
through and cou ld �e d epressed from the upper s id e .  The 
sw itch buttons were 3 . 5  inche s  a pa rt and 6 . 5 inche s  from 
the edge of the pane l nearest th e sub j ect . 
The two movement target board s w ere loca ted in 
planes perpend icu lar to both the s t imul u s  boa rd and th e 
reaction boa rd . Th ey w ere positioned 4 . 5  inche s  from the 
edge of  the react ion boa rd . A microsw itch wa s loca ted 
beh ind the pane l of each movement target board w ith the 
button protrud ing through in the center o f  the pane l . The 
movement d istance from reaction button to movement button 
wa s 10 . 5  inches . Al l pane ls  were s ecure ly fa s tened to a 
frame wh ich in turn was  fa s tened to the table  to e l imina te 
any movement of the a ppara tu s . Th e subj ect wa s sea ted w ith 
h is back to the tester and faced the a ppa ra tu s  and the 
blank wa l l  behind it . 
The ins truments were loca ted on a s epa ra te table 
located beh ind th e sub j ect . The RT ' s ' were record ed. on two 
Hunter , Mod e l  1 20 ,  S eries D ,  Klockcounters . A LaFayette 
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Interva l Timer wa s u sed to t ime the inters t imu lus  interva l 
( IS ! ) . In t.he presenta t ion e>f the d ua l stimu l i  a n  IS!  of  
50 millisecond s wa s used . Th is  wa s chosen a s  a result  of  
s tudies d one by Davis • 1 ' 
2 
He  showed tha t the d e lay. in re-
action to the second of two close ly presented s t imu l i  wa s 
grea test  a t  th is  interva l .  A sw itch box incorpora t ing four 
toggle  sw itches  wa s us ed to contro l the wa rning l igh t and 
se_quence of  l ights , c locks , and sw itche s .  The s t imu lus  
l ights ·were p ow ered by a 6 vo lt  ba ttery .  A sw eep s econd 
hand c lock wa s used to t ime the inter-tria l interva l s . 
Figure s  3 . 3  and 3 . 4  illustra te the w iring deta ils  
for the interva l t imer , clocks , ba ttery ,  react ion boa rd 
m icrosw itches , l ights , and contro l sw itches . A s epa ra te 
d iagram for th e w iring of  th e clocks is includ e� because  
of  its  complexity . How ever ,  it  shou ld be  noted tha t  there 
wa s only one interva l t imer u sed . The double po le-double 
throw sw itches used enabled the experimenter to reverse 
1R .  Davis , "The Human Opera tor as a Single. Channe l 
Informa tion Sys tem , "  Q..uarter� Journa l of Experimenta l 
-Psychology ,  9 : 121 , May , 1 9 5 7 . 
2R .  Davis , "The Rol e  o f  At.tent ion. in the �.syc.ho.-. 
log ica l Ref.ractory Period , "  Qua rte� Journa l  of Experiment ­
a l  Psychology , 1 1 : 12 1 - 1 30 , May , 1959 . 
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the s t imu lus  ord er of  presenta t ion . The wa rning l igh t wa s 
w ired to .a double  po le - s ingl e  throw sw itch . 
The RT ' s w ere mea sured from the t ime tha t  the 
stimu lus  wa s pre sented unti l  the moment the sub j ect  removed 
h is finger from the button on th e react ion boa rd . Th is wa s 
accompl ished by w iring the c lock to th e interva l t imer so  
tha t  tim ing would  begin a t  the same t ime tha t the S wa s 
presented . When s1 wa s initia ted , the corre spond ing clock 
s ta rted . The same occu rred w ith s2 and the s econd c lock . 
Each of the microsw itches  loca ted on th e react ion boa rd wa s 
w ired into the circu it norma l ly open . Thu s , in the start-
ing pos it ion th e sub j ect d epres s ed th e sw itch completing 
the circ u it • .  When s1 wa s presented , th e re la ted clock 
began . The reaction of the sub j ect cau s ed th e sw itch to 
open brea king th e c ircu it . When the circuit wa s broken 
the c lock stopped . Through th e use  of  the two toggle  
sw itches  the ord er of a l l equipment could be  revers ed . 
Th e righ t c lock. wa s a lways a s soc ia ted w ith the righ t sw itch 
and red l ight . Simila rly , th e left  c lock wa s a lways 
a s soc ia ted w ith th e left  sw itch and wh ite l ight . 
The movement ta rget  sw itches  w ere wired to g ive 
I 
th e impre s s ion of  be ing connec ted . They were not connected 
since movement t ime wa s not being mea sured . Th e i l lu s ion  
c:; 2  
of the connection wa s pre s ented to the sub j ec t  so  tha t he 
wou ld complete h i s  movement . Al l w ires between the testing 
a ppara tus an� the ins truments were in a cable . A ta pe 
record er  wa s used to d el iver the ins truct ions to the 
sub j ec t .  Th is a s sured uniformity in presenta tion of 
informa tion . 
Th e  testing wa s cond ucted in a resea rch cubicle  
located in the Psychology Depa rtment of  the Sta te Uni­
vers i-ty College at Brockport . The room wa s a ir cond it ioned 
and completely private . Th ere wa s no interfering no ise and 
the l igh t ing wa s contro l led to a l low the subj ect to ea s ily 
see the s t Dnu lus  l ight . 
TASK AND EXPERIMENTAL PROCEDURE 
After vol unteering , the sub j ec t  completed a student 
informa t ion form s imila r  to the one shown in Append ix A .  
Fo llow ing the completion o f  the form a pretes t o f  s imple 
RT of  the left and righ t hand wa s adminis tered . The 
sub j ect  began with both f ingers on the react ion boa rd 
buttons a s  shown in F igure 3 . 1 .  Th e subj ec t ' s hand s were 
pos itioned by the tester  to insure proper placement . The 
l e ft hand wa s tes ted firs t .  The sub j ect  wa s ins tructed to 
remove his  finger from th e button a s  q u ickly a s  po s s ible  
when the wh ite l igh t fla shed . The other hand rema ine·d on 
the button .  One tria l wa s presented every th irty second s 
for a tota l of  s ix tria ls . The wa rning l igh t preced ed a 
randomly chosen foreperiod rang ing from 2 to 5 s econd s . 
The res u l t ing RT wa s rea d to the subj ect and record ed on 
the s tudent informa t ion form . The sub j ect wa s encouraged 
to react as fa st  as he  cou ld . The same procedure wa s. re ­
pea ted for the right hand u s ing the red l ight . 
After conc lud ing th e prete s t , th e genera l record ed 
instruc t ions , Append ix B ,  were g iven to th e sub j ect and any 
question s were answered . Depend ing on the sub j ect ' s 
a ss ignment to one o f  th e four experimenta l groups , the 
a ppropria te trea tment ins truct ions , Append ix C ,  were g iven 
next . The four experimenta l groups  represented increa s ing 
level s  of unisensory event certa inty : 
1 .  Group I - mod era te level - h igh spa t ia l  certa in­
ty ( informa t ion presented a s  to wh ich stimu lus l igh t wou ld 
fla sh firs t )  
2 .  Group I I  - modera te leve l - h igh number certa in­
ty ( informa tion presented a s  to wheth er the s t imu lus would 
be s ingle  or  dua l )  
3 .  Group III  - low level - low spa t ia l  and number 
certa inty (no know l edge of event certa inty w ith respect to 
space or number)  
4 .  Group IV - h igh level - h igh spa t ia l and number 
certa inty ( informa tion of event certa inty w ith respect to 
space and number) 
The experimenter info rmed the sub j ect to g et into th e s ta rt-
ing pos it ion wh ich wa s th e same as  in th e pretes t .  When 
the sub j ect a ssumed th e ready position ,  informa t ion ( t rea t-
ment) concerning the tria l wa s g iven . Th is  informa t ion wa s 
used to manipu la te leve ls  of  event certa in ty ( the  
independ ent va riable ) by present ing it in va rying amounts . 
Fo llowing the informa t ion , th e wa rn ing l igh t came on , a 
randomly chos en foreperiod of  from two to f ive second s 
elapsed , and then a s t imu lus  or  stimu l i  fla shed . Four 
types of  tria l s  were rand omly used . The se  tria l s  w ere � 
1 .  Left l ight only 
2. Righ t l igh t only 
3 .  Left l igh t fol low ed by right 
4 .  Righ t l ight fol lowed by left . 
After complet ion of th e tria � ,  the subj ect wa s told to 
relax and th e wa rning l igh t wa s turned off . Th e RT res ults  
w ere read a loud and record ed on the da ta sheet shown in 
Append ix D .  The sheet  a ls o  s e rved a s  a g u id e  to s t imu l i  
.. .  
type , o rd er of  stimul i  pre sentat ion , and foreperiod . Th e 
sub ject wa s remind ed.  tha t  the fa s ter he  performed , th e 
better . He wa s a ls o  ca u t ioned to wa it unt il  the ligh t 
f la shed . At tha t  t ime the clocks , t imer ,  sequence sw itches , 
interva l ,  and foreperiod were checked for the next tria l . 
The tria l began th irty s econd s a fter the initia t ion of  the 
preced ing one . The t e s t ing cons isted of  forty tria l s . 
EXPERIMENTAL DES IGN 
The testing wa s conducted to co llect  data to 
d etermine the e ffect o f  increa s ing level s  o f  unis ensory 
event C€rta inty on the PRP . Four types o f  event certa inty 
were.  used a s  leve l s  o f  the experimenta l va riable certa inty . 
The types included h igh spa t ia l  certa inty , h igh number 
c erta inty , low spa t ia l and number c erta inty and h igh 
spa t ia l and number certa inty . 
In the pre l im ina ry examina t ion of  the data collected 
it wa s noted tha t th ere seemed to be some pecu l ia rities in 
th e resu lts . It ·wa s thought tha t th ere wou ld be norma l RT 
to the first of  two s t imu l i  and a d e lay to th e second when 
th e pa ir were presented in a s eries  w ith a short lSI . Al ­
tbough th is occurred on some tria ls , other tria l s  resu lted 
in a d e lay in RT1 , a norma l react ion to th e s econd s timu lu s , 
or a comb ina t ion o f  both . S ince two d ifferent data pa tterns 
emerged , the resu lts  were trea ted a s  such . The data wa s 
d ivid ed into two da ta pa ttern groups . The first group wa s 
cons idered to be an expected pa ttern of results . The data 
in th is group were s imilar to the data of  the pa s t  s tud ies , 
s ince a d e lay wa s evid ent in reacting to s2 • The second 
group  of  data wa s cons id ered to be  a revers ed pattern of 
resu lts , s ince RT1 wa s longer than RT2 . The revers es  w ere 
found throughout  the testing . It wa s not spec if ic to one 
group or one sub j ect . Wh en the reversa l s  were d etected , 
the s ub j ect wa s quest ioned concen1 ing h is adherence to th e 
ins truct ions . In a ll ca ses , the subj ect s ta ted they were 
follow ing the ins truct ions . When RT1 wa s much s low er than 
RT2 , the sub j ects s t i l l  bel ieved RT1 wa s fa ster . As a 
result  of  the d ifference s  obs erved the ana lys is o f  data 
wa s d ivid ed into four a rea s : 
1 .  Righ t hand expected res u lts  
2 . Left  hand expected results 
3 .  Right hand revers ed res u l t s  
4 .  Left hand revers ed re s u lt s . 
STATISTICAL METHODS 
All a priori and a posteriori tests  were cond uc ted 
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a t  the . 01 level . 3 Tables  provid ed by Winer w ere consu lted 
prior to making any d ecis ions concerning the s ta t is t ica l 
hypoth e s is und er cons id era t ion . Pretest  RT curves were 
ana lyzed to d etermine the equ a l ity of  groups prior to 
a dminis tering trea tment . RT curves were ana lyzed a s  a two -
factor experiment w ith repea ted mea sures on one factor . 
The plan for th e experiment is  repres ented schema t ica l ly in 
F igure 3 .  5 .  An ana lys is of variance 4 was perfonned wh i.ch 
provid ed a ba s is for d etermining the effect of the four 
d ifferent types of certa inty on RT ' s .  When s ignif icant 
F-ra t ios  were obta ined , the Newman-Kuels 5 test  wa s used a 
-
pos teriori in order  to d etermine wh ich d ifferenc.es were 
s ignificant . 
3 
B .  J .  Winer , Sta t is t ica l Principles in Ex£eriment -
a l  Des ign (New York : McGraw-Hill  Book Company , 196.2 ) , pp . 
642 -652 . 
4Ibid . ,  pp . 160-162 , 199 -202 . 
5 Ibid . ,  p .  80 . 
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( react ion t ime s )  
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( h igh ) 
F igure 3 . 5  
Schema t ic De s ign of  Experiment 
CHAPTER IV 
ANALYS IS OF DATA AND DISCUSS ION OF RESULTS 
ANALYS IS OF DATA' 
The p�oblem o f  the present s tudy wa s to d etermine 
the effect o f  increa s ing level s  of  unisens ory event 
certa inty on th e react ion t imes to two success ive ly 
occurring s igna l s  spaced 50 mill isecond s apart . It wa s 
hypothes ized tha t increa s ing l evel s  o f  unisensory event 
certainty would d ecrea s e  the d e lay ( PRP ) in reacting to the 
s�cond of  th e two clos e ly spaced s t imu l i .  
The expected pa ttern o f  resu lts  wa s tha.t the re­
action t ime (RT ) to th e second s t imu l u s  ( s2 ) would be 
slower than th e firs t . However , exam ina tion of  the data 
in the pres ent s tudy showed some ins tances to the contra ry . 
Da ta conforming to th is  la tter cond it ion is refered to a s  
a reversed pa ttern o f  resu lts . · S ince the revers ed pa ttern 
occurred and beca u s e  Herman and Kantow itz
1 
point out  th e 
need to eva luate  the d a�� · of RT1 , expected and revers ed 
patterns w e re ana lyzed· s epara te ly .  
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Th ere a re s ix ma in s ubd ivis ions to b e  found in th is 
chapte r .  In the first s ect ion prete s t  s imple reaction 
times of the four groups a re ana lyzed w ith a va riance 
ana lys is . In sect ion two and three s ta t istica l ana lys is o f  
the "left hand react ions a re pre s ented . Section two d ea l s  
w ith the expected pa ttern o f  data , and three d ea ls w ith the 
reversed pa ttern . S imilarly sect ion four and five conta in 
the ana lys is of right hand da ta for the expected and re-
v-ersed · pa tte.rn . In the fina l s ection ,  the resu lts of th e 
present s tudy a re d iscu s s ed in �ela tion to s imilar effects 
found in previous  investiga t ions . 
It w i l l  be noted tha t d ifferent gro u p  s izes occur  
in s ome of the re�ults presented . Th e rea son for  the 
d ifferent s izes  is  beca use  some sub j ects had bo th expec ted 
and reversed pa tterns , whi l e  others had only one pa ttern . 
1L .  M .  Herman and B .  H .  Kantow itz , "The Psycho­
log ica l Refractory Period Effect : Only Ha lf o f  th e Double  
Stimu la t ion Story , " Psycho logica l Bu lletin ,  7 3 : 74 - 7 8 , 
January ,  1 9 7 0 ·� 
6 1  
Bas ed on Winer , 2 no e s t inla t ion o f  da ta w a s  a ttempted for 
tho s e  sub j ec t s  who d id not genera te  two pa tterns . 
As a part ia l  check on the homogene ity a ssumpt ions 
underlying w i th in-sub j ects  F - te s t , the Greenhouse -Ge iser3 
cons erva t ive F-test  procedu·re wa s employed . In a l l  cases  
s ignif icance still  resulted . No  test  wa s performed on th e 
between s ub j ects ra tio s ince it is cons id ered to be robust 
w ith respect to minor violations of  these  a s s umpt ions . All · j  
a priori and a pos teriori tests  in the ana lys is were con-
d ucted a t  th e . 01 l eve l . 
Ana lys is of  Pr€tes t  Da ta 
The sta t ist ica l techniques and results  of the s imple 
reaction time pretest  a re p resented in th is section . The 
purpose  of th is ana lys is was to d e termine the equa l ity of 
groups , ba s ed on th e c riterion ,  mea sure , prior to rece iv ing 
trea tment . The manner in wh ich th e data were ca lcu la ted is 
d escribed and is fo llowed by the results  of  the pretest . 
The da ta in th is s ec t ion was  ana lyzed s ta t istica lly 
2
B .  J .  Winer , S ta t i s t ics 1 Princ iples  ·i� E�p�
·
r
-
imenta 1 
Des ign (New York : McGraw -Hil l Book Company , 1962 ) , p .  2 8 3 . 
3 
Ibid o , p o 30 5 • 
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as a 2 x 4 (hands x group s )  factoria l d e s ign w ith non -
repea ted mea sure s . Th e ma rg ina l means of the f o u r  group s 
and the l e ft and righ t hand a re pres ented in Table  4 . 1 . 
The res u l t s  of th e ana lys is , pres ented in Table  4 . 2 , 
ind ica te non - s ign ificance in a l l s itua t ions . The re fo re , 
the random a s s ignment of s ub j ec ts to the �our t rea tment 
groups ��s u i ted in groups tha t were s omewha t eq ua ted ba s ed 
on the crite rion mea s ure ( s imple reaction t ime ) . 
Ana lys is of Left Hand 
Expected Pa t t e r n s  
The gra ph ic re pre sentat ion , s ta t i s t ica l ana lys i s , 
afid re sults  of the left -han� reactions with expected 
pa tterns of re s u lts  a re presented in th is s ect ion . The 
data wa s eva lua ted s ta t i s t ica l ly a s  a 4 x 3 ( gr9 u ps x re -
action t imes )  ana lys is  of  va riance w ith repea ted mea s ure s 
on one fa cto r .  The purpose  of  the ana lys is  was to d eter-
m ine the effect of  types of uni s ensory event certa inty on 
the PRP . 
Gra eh ic re pre s enta tion . F igure 4 . 1  is  a repre s ent-
a t ion of  th e mean RT curve s of the left -hand react ions  w ith 
expected pa tterns o f  re s u lts . Mean RT1 and the mean S ing le 
RT a ppea red to be the same for each group . There seemed to 
Tab�e 4.1 
MaTginal Mean s o f  Pretest 
Groups Mean s 
Group I ( s patia l )  0 .246 
Group II (number)  0 .249 
Group III ( low ) 0 . 2 52 
Group IV ( high) 0 .247 
Right Ha nd 0 .243 
Left Hand 0 . 2 54 
Table 4 . 2  
Analysis of Pretest Reaction Times 
=-
Source o f  Va riat ion ss df MS 
=-
Groups ( G )  0 .00099 7  3 0 . 000332 
Hand s ( H) 0 .005599  1 0 . 005599 
G X H 0 .002037 3 0 . 0006 7 9  
Within cell 0 . 141419 152 0 .000930 
6 3  
F 
0 . 36 
6 . 02 
0 . 7 3 
. 
() 
!:il 
U) 
:a: 
600 
550 
500 
450 
400 
� 350 
p:: 
- z  < 
� 
300 
2 50 
0 
III - low 
II  - number 
I - s pa t ia 1 
IV - h igh 
S ingle RT 
React ion Times  
F igure 4 . 1  
Left Hand Rea ct ion s w ith Exp�cted Pattern 
be a d e lay in mean RT2 in each group a s  expected by pre ­
viou s ly observed d e lays of  the PRP . The mean S ingle  RT and 
the mean RT2 for Group  IV (high ) w ere lower than the oth er 
three gro ups . Th e mean s ingle  RT and the mean RT2 fo r 
Grou p  III ( low ) w ere h igher than any other group . The mean 
RT2 of Group I ( spa t ia l )  and Group II (number)  w ere 
pos it ioned between tho s e  of Grou p  III  ( low ) and Group IV 
(h�gh ) . For Groups I ( spa t ia l ) , Ir (number) , and IV (h igh ) , 
the mean RT1 ' s were gro uped much lower than III  ( low ) . . Of  
these  the mean o f  Groug I ( s pa t ia l ) wa s lowest . 
Sta t istica l ana lys is of  reactions and resul�· 
S ignificance wa s found among Groups (A) (F = 1 8 . 7 7 )  and 
among Reac tions ( B )  ( F  = 41 . 0 1 )  a s  presented in Table 4 � 3 .  
S ince no s ignificant interact ion was  found , th e a posteriori 
testing wa s performed on the ma rg ina l group means presented 
in Tables 4 . 4  and 4 . 5 . The res u lts of the Newman-�euls  
proc edure on groups , Table 4 . 6 , revea l s  the s ignificant 
d ifferences between Group II (number) and Group IV (high ) , 
Group III ( low ) and Group IV (h igh ) , Group III ( low ) and 
Group I ( spa t ia l ) , and between Grou p III ( lm.oJ ) and Group II  
(number) .  Table 4.  7 ind ic.� tes  the f ind ings of the Newman­
Kuels  test for reactions . S ignif icance was found . The 
Tabl e 4 . 3  
Ana lys i s  o f  Lef t  Hand Reac tion For 
Expected Pa tten1 
Source  o f  Va ria t ion 
Between s u b iect� 
A ( g roups ) 
Sub j ect s w ith in 
g roups 
With in subiec t s  
B ( re a ct ions ) 
-
AB 
B X s ub j ects 
w ith in groups 
ss 
476232 . 06 
541254 . 7 5 
12341 7 . 64 
21506 . 37 
192433 . 40 
d f  MS 
3 158744 . 03 
64 8457 . 10 
2 6 1 7 0 8 . 82 
6 35 84. 39 
1 2 8  1503 . 38 
*S ignif icant a t  the . 01 l eve l . 
6 6  
F 
1 8 . 7 7*  
41 . 04* 
2 . 38 
Table 4 . 4  
Ma rg ina l Means and S tanda rd Devia t ions o f  Groups -
Expected Pa ttern - Left Hand 
Groups Means Standa rd Devia tions 
I ( spa tia l ) 343 . 55 66 . 33 
II (number) 379 . 74 7 2 . 85 
III ( low ) 444 . 6 2  64 . 35 
IV (high ) 317 . 85 61 . 1 8 
Table 4 . 5  
Ma rgina l Means and Standa rd Devia t ions of  React ions -
Expected Pa ttern - Left Hand 
Reactions Means Sta ndard Devia t ions 
S ingle  RT 375 . 7 9 6 9 . 6 3  
341 . 49 81 . 32 
401 . 50 83 . 18 
Tabl e  4 . 6  
Newman-Keuls Ana lys is of Group Means For 
Left Han.d Expected .Reac tion Pa ttern 
6 8  
======================================= ================ 
Groups 
Means 
IV 317 . 8 5 
(h igh ) 
I 343 . 55 
IV 
(h igh ) 
317 . 85 
I 
( spa t ia 1 ) 
343 . 55 
25 . 70 
II  
(number ) 
379 . 74 
6 1 . 89* 
36 . 19 
III 
( low ) 
444 . 62 
126 . 7 7* 
101 . 07·k 
( spa t ia l ) 
II  
(number) 
379 . 74 
*Difference between means s ignificant a t  the 
. 01 l evel . 
6 4 . 88* 
Table 4 . 7  
Newman-Keu ls  Ana lys is o f  Reaction Means 'For  
Left Hand Expected React ion Pa ttern 
Means 
341 . 49 
S ingle RT 375 . 79 
RT1 
341 . 49 
S ingle RT 
3 7 5 . 79 
34 . 40* 
RT2 
401 � 5.0_ 
60 . 01* 
2 5 . 71* 
*Difference between means s ignificant a t  the 
. 01 l evel . 
6 9  
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S ingle RT d iffered s ignif icant ly from RT1 and RT2 , and RT2 
d iffered from RT1 . 
Ana lys is of Le ft Hand 
Reversed Pa tterns  
Graph ic repres enta t ion , s ta tistica l t echn iq ue s , a nd 
results  of  th e l e ft hand reAction s w ith reversed pa tterns 
are pres ented in this  s ection . The purpose  of th is da ta 
wa s to  provid e a ba s is for d e termining the e ffect of  in-
crea s ing l eve l s  of un isens ory event c erta inty on the PRP . 
In add it ion , the ana lys is a l low ed  an e s t ima t ion of th e 
cond ition s  ca u s ing the reversed  pa tterns of reaction s . The 
-
ana lys i s  wa s eva lua ted s ta t istica l ly a s  a 4 x 3 ( gro ups x 
reaction t imes ) ana ly.s is of  va ria nce w ith repea ted mea sure s 
on one factor . 
Gra ph ic re ere s enta t ion . In F igure 4 . 2 , the gra phic 
re pre senta tion of  the reversed pa tterns  for the left -hand 
react ions a re pre sented . In Group I ( s p3 t ia l ) , mean RT1 
wa s a pproxima tely equa l to the mean s ingle RT . Curve s  for 
Groups II (number ) , III ( low ) , and IV (h igh ) showed a 
s l ight increa s e  in RT1 ove r  the mean s ing le  RT . The point 
o f  the mean RT2 wa s lower  than the mean s ingl.e RT in a l l  
g roups but IV (h igh ) . In IV (h igh ) they were a pproxima tely 
71  
600  
550 
450 
400 I I I  - low 
. 
0 
f;rJ 
U) 
� ......... 350  8 
tx: 
z I I  - numh.er < .  
� 
� I - spa t ia 1 300 
IV - h igh 
2 50 
0 
S ing le  RT 
React ion Times 
F igure 4 . 2  
Left Hand React ions w ith Reversed Pa ttern 
72 
equa l .  
S ta tistica l ana lys is  of  react ions and resu lts . The 
ana lysis  presented in Tabl e  4 . 8  d is p lays a s ignif icant 
d iff�rence among Groups (A) (F = 2 0 . 72 ) . In add ition ,  
the re wa s a s ignificant d ifference among Reaction Times (B )  
(F  - 1 80 . 52 ) , but  the interact ion o f  B x A wa s not s ig -
nificant ( F  = 1 . 79 ) . 
S ince th ere wa s no s ignifican t interact ion between 
groups and react ions , tests  w ere employed on the margina l 
means pres ented in Ta bles 4 . 9  and 4 . 10 .  Table  4 . 1 1 revea l s  
tha t Grou p  III  ( low ) d iffered s ignif icantly from Grou ps IV 
(h igh ) , II  (number) , and I ( s pat ia l ) . Tabl e  4 . 12 ind ica tes 
tha t  RT1 wa s s ignif icantly d ifferent from RT2 and the 
S ingle  RT . 
Analys is of  Righ t Hand 
Expected Pa tterns 
A graphic presenta tion , the s ta t is t ica l method s ,  
and res u l ts of  the righ t hand react ions w ith expected 
pa tterns a re d e scribed in th is  s ect ion . A 4 x 3 ( gro ups x 
reaction t ime s )  ana lys i s  o f  va riance w ith repea ted mea sure 
on one factor wa s u s ed to eva luate the data . The ana lys is 
a llowed an eva lua t ion of  the e ffect of  increa s ing leve l s  of  
Tab l e  4 .  8 
Ana lys is  o f  Left-Hand Reactions For 
Reversed Pa ttern 
Sourc e  o f  Va ria t ion ss  d f  MS 
Between s ub j ec ts 
A (groups ) - 3 74944 . 06 3 124981 . 34 
Subj ects w ithin 
g roups 373845 . 00 6 2  6 02 9 . 76 
With in subj ects  
B- ( rea c tions ) 75932 7 . 62 2 37966 3 . 81 
AB 226214 . 50 6 3770 . 7 5 
B X sub j ects  
w ithin groups 2607 7 8 . 71 124 2103 . b5 
*S ignificant a t  the . 01 level . 
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F 
20 . 72* 
1 80 . 52* 
1 . 7 9  
Table  4 .9 
Ma rgina l Means and Stand a rd Devia t ions o f  Groups  -
Revers ed Pa ttern - Left Hand 
74 
Groups Means Standa rd Devia.t ions 
I ( s pa t ia l ) 389 . 53 9 3 . 53 
II (number ) 410 . 54 7 8 . 49 
· III  ( low ) 480 . 0 5  8 8 . 2 8  
IV (h igh ) 369 . 85 7 7 . 54 
Table  4 . 10 
Ma rgina l Means and S tanda rd Devia t ions of React ions -
Reversed Pa ttern - Left Hand 
React ions Means Standard Devia t io�s 
S ingl e  RT 373 . 74 64 . 99 
502 . 48 87 . 7 8 
368 . 65 6 2 . 87 
Groups 
IV 
(h igh ) 
I 
Table  4 . 1 1  
Newman-Keu l s  Ana lys is  of  Group  Means For 
Left Hand Reversed React ion Pa.ttern 
Means 
36 9 . 85 
389 . 53 
IV 
(h igh ) 
369 . 8 5 
I 
( s pa t ia l ) 
389 . 53 
19 . 6 8  
II 
(number ) 
410 . 54 
40 . 6 9  
2 1 . 01 
( spa tia l ) 
II 
(humber ) 
410 . 54 
*Diference betw e en mea ns s ignificant a t  the 
. 01 level . 
7 5  
III 
( low ) 
480 . 05 
1 10 . 20* 
90 . 52* 
6 9 . 5 1* 
Table  4 . 12 
Newman-Keu l s  Ana lys is of  Reaction Means For 
Left Hand Reversed Pa ttern 
Reactions 
Means 
36 8 . 6 5  
S ingle  RT 373 . 74 
RT2 
368 . 6 5  
S ing le  RT 
3 7 3 . 74 
5 . 09 
RT1 
502 . 47 
1 33 . 82-1< 
1 2 8 . 7 3* 
*Difference between means s ignif icant a t  the 
. 01 leve l . 
76 
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unisensory event certa inty on the PRP . 
Gra ph ic representa t ion . The gra ph ic representa t ion 
in Figure 4 . 3  show ed a d e lay in mean RT2 for a l l  groups . 
The d e lay in Group  III ( low ) seemed to be grea ter than any 
other . In Groups I ( spa t ia l )  and III  ( low ) mean RT1 wa s 
somewha t less  than the mean S ing le  RT wh ile  in Groups I I  
(number) and IV (h igh ) the revers e wa s tru e . Mean RT2 o f  
Groups I ( spa t ia l ) , II (number) , and IV (h igh ) w ere a p ­
proxima tely equa l and less  than tha t of Group I I I  ( low ) . 
The mean RT1 of  Group I ( s pa t ia l )  and Grou p  IV (h igh ) were 
nea rly equa l . Group II (number) wa s h igher than the s e , 
wh ile  Grou p  rrt  ( low ) w a s  h igher than II  (number) . The· mean 
S ingl e  RT ' s  of Group  I ( s pa t ia l )  and Group II (number) were 
close  togeth er ,  wherea s Group IV ( h igh ) and Gro�p III ( low ) 
w ere fa ster and s lower respect ive ly . 
Sta t is t ica l ana lys is of react ions and re s u l ts . As 
pres ented in Table  4 . 1 3 ,  there wa s a s ignif icance among 
groups (A)  ( F  = 16 . 42 )  a nd among reactions (B)  ( F  = 142 . 43 ) . 
However ,  a s ignif icant interaction of B x A re su lted from 
the ana lys i s  ( F  = 4 . 01 ) . S ince th ere wa s an interaction 
between Groups (A)  and React ions ( B ) , a pos teriori tests  
w ere performed on the s imple ma in e ffects . The resu lts  of  
7 8  
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Table  4 . 13 
Ana lys is  o f  Right Hand React ions For 
Expected Pa ttern 
Source of Varia t ion 
Between subj ects 
A (groups ) 
Sub j ects w ith in 
groups 
With in subj ects  
B · ( reactions ) 
AB 
B X  s ub j ects  
w ith in grot;Jps 
ss 
419 352 . 06 
561 546 . 7 5  
5 84842 . 75 
49509 . 38 
2 7 100 5 . 43 
d f  MS F 
3 1 39 7 84 . 0 3 16 . 42* 
6 6  8508 . 2 8 
2 2 92421 . 37 142 . 43* 
6 8251 . 56 4 . 01* 
1 32 2053 . 07 
*S ignificant a t  the . 01 level . 
8 0  
the var iance ana lys is  fa.r each compa rison a re shown in 
Table  4 . 14 .  S ignificance wa s found in a l l  o f  the s e  
necess ita t ing a Newman-Ke u ls ana lys is  a t  a l l s even sources  
of var ia t ion . The s e  res u l ts a re repre.sented in Tables  4 . 15 
through 4 .  2 1 . 
In Table  4 . 15 ,  s ignif icance wa s found between 
Groups I .  ( spa t ia l ) and III  ( low ) , Groups III  ( low ) and I I  
(number) , and Groups III  ( Low ) and IV (high ) . In Table  4 . 16 ,  
there wa s a s ignif icant d ifference evid ent in tha t  Grou p  III 
( low ) wa s s ignif icantly d ifferent than Groups I ( s pa t ia l )  
and IV (high ) . The res u lts  repres ented in Tabl e  4 . 1 7 
indica te a s ignif icance betw e en Group III  ( low ) and Groups 
I ( spa t ia l ) , II  (number) , and IV ( h igh ) . 
Tabl e  4 . 1 8 , tha t for Group I ( spat ia l )  leve l , 
revea ls the RT2 wa s s ignificantly d ifferent from both the 
S ingle RT and RT1 • At the Group I I  (num�er) leve l , re ­
presented by Table  4 . 19 ,  th e s ignif icance wa s pre sent among 
a l l  three RT ' s .  The Newman-Kuels  performed a t  the Group III 
( low ) level a l so prod uc ed a s ignif icant d ifference among 
RT ' s  a s  shown in Table  4 . 20 .  F ina l ly ,  t�e results  a t  th e 
Group  IV (h igh ) level a re pre sented in Table  4 . 21 . There 
was a s ignif icant d ifference between S ingl e  RT and RT2 and 
betw e en RT1 and RT2 . 
Table  4 . 14  
Ana lys i s  o f  S imple MB in Effec ts For Righ t Hand 
Expec ted React ion Pa ttern 
Source o f  Va riation* ss  d f  MS 
b a t  a 1 1 2 9 1 7 3 . 96 2 645 86 . 98 
b a t  a2 60116 . 12 2 30058 . 06 
b a t  a 3 2 9 7 8 5 7 . 80 
2 14892 8 . 90 
b a t a 4 14565 1 . 6 1  2 72825 . 80 
-
a t  bl 66 9356 . 54 3 22 3118 . 80 B· 
a a t  Q2 4199 7 3 . 02 3 1 39991 . 00 
a a t  b3 1064336 . 96 3 3547 7 8 . 9 9 
*a • groups b = reactions 
**S ignifica�t a t  the . 01 leve l . 
8 1  
F 
31 . 46-;''* 
14 . 641d" 
72 . 54** 
35 . 47�dC' 
5 5 . 34** 
34 . 72** 
8 7  . 99-;'dC' 
Groups 
IV 
(high ) 
I I  
(number) 
I 
Tabl e  4 . 15 
Newman-Keuls  Ana lys is o f. . Groups a t  
b1 ( S ingle  React ion Time ) 
Means 
322 . 7 5 
357 . 20 
359 . 21 
IV 
( h igh )  
322 . 7 5 
II  
(number)  
357 . 20 
34 . 45 
I 
( spa t ia 1 )  
359 � 2 1  
36 . 46 
2 . 01  
III  
( low ) 
447 . 2 5 
8 2 
124 . 50* 
90 . 05'#'( 
8 8 . 04* 
( spa t ia 1 )  
*Difference between means s ignif icant a t  the 
. 01 level . 
Groups 
I V  
(h igh ) 
I 
Table  4 . 16 
Newman-Keuls  Ana lys is of  Groups a t  
b2 (RT1.) 
Means 
335 . 6 9  
3 39 . 9 5  
I V  
(h igh ) 
335 . 6 9  
I 
( spa t ia 1 )  
3 39 . 95 
4 . 2 6  
I I  
(numbe r) 
337 . 9 8  
42 . 2 9  
38 . 03 
I I I  
( low ) 
411 . 62 
83  
7 5 . 9 3* 
7 1 . 6 7')'r 
( spa t ia 1 )  
I I  
(number) 
337 . 9 8  
*Diffe�ence between means s ignificant a t  the 
. 01 l eve l . 
3 3 . 64 
Groups 
II 
(number) 
IV 
( h igh ) 
I 
Table 4 . 1 7  
Newman-Keuls  Ana lys is o f  Groups a t  
b3 (R.'r2 ) 
Means 
443 . 00 
445 . 54 
449 . 1 8 
I I  
(number) 
443 . 00 
IV 
(h igh ) 
445 . 54 
2 . 54 
I 
( spa t ia 1 )  
449 . 18 
6 . 1 8  
3 . 64 
I I I  
( low ) 
57 5 . 6 8  
8 4  
1 32 . 6 8"( 
1 30 . 14"�'<' 
126 . so-.'<' 
(spa t ia l )  
*Difference between means s ignificant a t  the 
. 01 leve l . 
Reactions 
S ingle  RT 
Table  4 . 18 
Newman-Keu l s  Ana lys is o f  React ion Times 
at a 1 ( Spa tia l )  
Means 
339 . 9 5  
359 . 21 
RT1 
339 . 95 
S ingle RT 
359 . 2 1  
1 9 . 26 
RT2 
449 . 1 8  
109 . 2 3* 
89 . 9 7* 
*Difference betw e en means s ignificant a t  the 
. 01 leve l . 
8 '5  
Reactions 
S ing l e  RT 
Table 4 . 19 
Newman-Keuls  Ana lys is  o f  Reaction Time s 
a t  a 2 (Nt;nnber) 
Means 
35 7 . 2 0  
3 7 7 . 98 
S ingl e  RT 
357 . 20 
RT1 
377 . 98 
2 0 . 7 8* 
RT2 
443 . 00 
8 5 . 80* 
6 5 . 02* 
*Difference betw e en means s ignificant a t  the 
. 01 leve l .  
86 
Reactions 
S ingl e  RT 
Tab l e  4 . 20  
Newman-Keuls  Ana lys is of React ion Times 
a t  � 3  (Low ) 
Means 
411 . 62 
447 . 2 5  
RT1 
411 . 62 
S ingl e  RT 
447 . 2 5  
35 . 6 3* 
RT2 
57 5 . 6 8  
164 . 04* 
12 8 .  431c 
*Differenc e between means s ignif icant a t  the 
. 01 l eve l . 
8 7  
React ions 
S ingle  RT 
Table  4 . 2 1  
Newman-Keuls  Ana lys is o f  Reaction Times 
a t  .a4 ( High) 
S ingl �  RT 
Means 322 . 75 
322 . 7 5 
335 . 69 
RT1 
335 . 6 9  
12 . 6 9  
= 
RT 2 
445 . 54 
122 . 79* 
109 . 8 5* 
*Difference between means s ignificant a t  the 
. 01 leve l . 
8 8  
Ana lys is of  Right Hand 
Revers ed Pa tterns 
In th is  s ection a re pre s ented the gra ph ic curves , 
sta tistica l ana lys is , and re sults of  �he righ t hand re-
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actions w ith revers ed react ion pa tterns . The ana lys is  wa s 
perfo:rmed to provid e  a ba s is for e s t ima ting the effect of  
increa s ing levels of  unis ensory event certa inty on the PRP . 
In add it ion the ana lys is  a llowed an e s t ima tion o f  the 
cond it ions ca u s ing th e reversed pa tterns of  react ions . A 
4 x 3 (groups x react ion t imes )  ana lys is of va riance w ith 
repea ted mea sures on one factor wa s u s ed for the- sta ti s t ica l 
eva l ua t ion . 
Graeh ic repres enta t ion . The curves repres ented in 
Figure 4 . 4  show mean RT1 had a s l igh t increa se  over the 
mean S ingle  RT in Groups I ( spa t ia l ) , III  ( low ) , and IV 
( h igh ) w ith the grea test  increa s e  occurring in III ( low ) . 
Group II  (number) had a s l ight d ecrea s e  in mean RT1 in 
re la t ion to th e mean S ing le  RT of  the group . In a l l  four 
groups , the mean RT2 wa s fa s ter than both the mean RT1 and 
the mean S ing le RT . Groups I ( spa t ia l )  and II  (number) ha d 
mean S ing l e  RT ' s tha t were a pproxima tely equa l . Group IV 
( h igh ) wa s s l ightly fa s ter , wh ile  Group III ( low ) wa s much 
s lower . Mean RT1 o f  Gro�ps I ( spa t ia l ) , II  (number) , and 
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IV (h igh ) were c l o s e  to the same w ith IV (h igh ) be ing 
pos itioned between the other two . Group  III  ( low ) had a 
much h igh er mean RT2 • Groups IV ( h igh ) , I ( spa t ia l ) , and 
II (number) had s im ila r RT2 ' s and ranged from low to h igh 
respective ly . As in mean RT1 , Grou p  III ( low ) had a mean 
RT2 much h igher than the other groups . 
S ta t istica l ana lys is  of react ions and res ults . As 
presented in Tabl e  4 . 22 a s ignificant F-ra t io resulted 
among Groups  (A) (F  = 21 . 54 )  and among React ions (B )  
(F  = 60 . 15 ) , bu t not in the interact ion of  A x  B (groups x 
reaction t imes ) (F  = 1 . 85 ) . A lack o f  s ignificant inter­
action .of  A x  B a llow ed a pos teriori tests to be ca rried 
out  on the ma rgina l means a s  pres ented in Tables  4 . 2 3 and 
4 . 24 .  A Newman-Ku e l s  ana lys is  wa s perfo rmed on these  means 
and th e res ults  a re repres ented in Tables  4 . 2 5 and 4 . 26 .  
There w ere s ignificant d ifferences  found between Groups III 
( low ) and IV (high ) , III ( low ) and I ( spa t ia l ) , and III 
( low ) and II  (number) . All  three pa iring s of  react ions 
res u lted in s ignif icant d ifferences . 
DISCUS SION OF RESULTS 
The re sults , a s  pr.esented in s ect ions I I  through V ,  
Table  4 . 22  
Ana lys is of  Right Hand React ions For 
Reversed Pa ttern 
Source of Va ria t ion ss  d f  MS 
Between subiects 
A ( groups ) 496212 . 06 3 165404 . 03 
Sub j ects w i th in 
g roups 475974 . 6 8  62  76 7 7 . 01 
With in sub j ects 
B- ( react ions ) 1 80 7 50 . 56 2 90375 . 28 
AB 16761 . 47 6 2 7 9 3 . 57 
B X s ub j ects 
w ith in groups 186281 . 40 124 1 502 . 26 
*S ignificant a t  th e . 01 l eve l . 
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F 
2 1 . 54* 
60 . 1 5* 
1 . 85 
Table  4 . 2 3 
Ma rg ina l Means and S tanda rd Devia t ions o f  Groups -
Reversed Pa ttern - Right Hand 
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Groups Means Standa rd Devia tions 
I ( spa t ia l ) 345 . 93 6 7 . 45 
I I  (number) 364 . 79 52 . 74 
I I I  ( low ) 453 . 57 8 2 . 13 
IV (h igh ) 320 . 60 6 1 . 16 
Table  4 . 24 
Marg ina l Means and Standard Devia t ions of  React ion -
Revers ed Pa ttern - Right Hand 
Re�ct ions Means Standa rd Devia t ions 
S ingle  RT 373 . 39 6 7 . 75 
404 . 69 91 . 1 7  
330 . 9 8  7 1 . 97 
Groups 
IV 
( h igh ) 
I 
Table  4 . 2 5 
Newman-Keuls  Ana lys is o f  Grou p  Means For 
_Right Hand Revers ed Pa ttern 
Means 
320 . 60 
345 . 9 3 
IV 
(h igh ) 
320 . 60 
I 
( spa t ia l ) 
345 . 9 3 
2 5 . 33 
II  
(number)  
364 . 79 
44 . 19 
1 8 . 86 
III  
( low ) 
453_ . 57 
9 4  
132 . 9 7•k 
107 . 64* 
( spa t ia 1 )  
I I  
{number) 
364 . 7 9 
*Difference betw een means s ignif icant a t  the 
. 01 leve l .  
8 8 . 7 8* 
Table  4 . 26 
Newman-Keuls  Ana lys is o f  React ion Means For 
Right Hand Reversed P� ttern 
React ions 
S ingl e  RT 
Means 
330 . 9 8 
37 3 . 39 
RT2 
330 . 9 8 
S ingl e  RT 
373 . 39 
42 . 41* 
RT1 
40.4 . 6 9  
7 3 . 71* 
31 . 30* 
*Difference betw e en means s ignificant a t  the 
. 0 1  leve l . 
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ind ica ted two d is t inc t pa tterns of  pa ired react ions . To 
prevent confus ion the res u l t s  w ere trea ted in two ca tegories . 
Each ca tegory wa s a lso  d ivid ed into l eft and righ t hand 
grouping s . Table  4 . 2 7  is  a summa ry o f  the res u l t s . 
The firs t ca tegory , termed expected react ion 
pa tterns , conta ined tho s e  pa ired react ions in wh ich th e 
RT2 wa s s low er than RT1 • Th is  pa ttern was pred icted a s  
4 early a �  the s tud ies performed by Te lford . The s econd 
ca tegory ,  revers ed react ion pa tterns , cons is ted of  pa ired 
respons es  in wh ich RT1 wa s s low er than RT2 • Th e results in 
th is ca tegory w ere grou ped to avo id confound ing tho s e  re-
lated to the pres ent study . The probl em of  the pres ent 
s tudy wa s concerned w ith trad it iona l ly pa tterned PRP in 
wh ich RT2 wa s longer than RT1 • In add ition , a s  suggested 
by Herman and Kantow itz , 5 RT1 should be examined a s  w e l l  a s  
RT2 to determine if i t  is fac il ita ted , norma l , or d e layed . 
The data grouped into th is s ect ion suggested a cons id era t ion 
of the s e  po s s ibilit ies . 
4c .  W .  Te lford , "Th e  Refractory :Pha s�_ o_f_ .Vo luntary 
a:P.P . .As_s_p_c i_a t ive Res pons es , "  Journa l . of  Exeerimenta l 
Psycho logy , 4 : 1 , Ju ly , 1931 . 
. .. 
5L . M .  Herman and B .  H .  Kantow itz , loc . c it .  
II  (number) 
III  ( low ) 
III  ( low ) 
III  ( low ) 
III ( low ) 
III  ( low )  
III ( low ) 
Tabl e  4 . 2 7  
Summa ry o f  Results* 
Left Hand Expected Pa tterns 
s> IV (h igh ) S ingle  RT 
s� I ( s pa t ia l )  RT2 
s> II (number) RT2 
s) IV ( h igh ) 
Left Hand Reversed Pa tterns 
s.> I ( spa t ia 1 )  RT1 
s> II (numb er) RT1 
s> IV (h igh ) 
Right Hand Expected Pa tterns 
Grou�s a t  S ingl e RT 
III  ( low ) s> I ( spa t ia l )  
III  ( low ) s) I I  (number) 
III  ( l ow )  s) IV (h igh ) 
s) 
s) 
s) 
s> 
s)' 
Groups a t  RT1 Gro!Jps a t  
I II ( low ) s) I ( s pa t ia 1 )  III  ( low ) s> I 
III  ( low ) s> IV(h igh ) III  ( low ) s> II  
III  ( low ) s> IV 
RT a t  GrouE I RT @ GrouE II RT @ GrouE III  
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RT1 
RT2 
S ingle  RT 
S ing le  RT 
RT2 
RT2 
( spa t ia 1 )  
(number) 
( h igh ) 
RT @ GrouE IV 
RT2 s) S ing le  RT RT2 s> S ingl e  RT S ing l€ RT s> RTl RT2 s} S ing le  RT 
RT2 s> RT1 RT2 s> RT1 RT2 s) RT1 RT2 s )  RT1 
III ( low ) 
III  ( low ) 
II I ( low ) 
*s) 
RT1 s> S ingle  RT RT2 s> S ing l e  RT 
Right Hand Reversed Pa tterns 
s'> I ( s pa t ia 1 ) S ingl e  RT s> RT2 
s) II (number) RT1 s) RT2 
s> IV (h igh ) RT1 s ,.  S ingl e  
• is s ignificant ly g rea ter than 
RT 
Expected React ion Pa tterns 
React ion t ime comparisons . The s ignif icant 
• 
contra sts  between RT2 and RT1 and RT2 and the S ing le RT 
support the find ings of  many early res ea rch ers . Many 
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early experimenters found tha t th ere wa s a d e lay ( PRP ) in 
react ing to  the second of  two closely spaced s t imu l i .  
Spec ifica l ly th e conclus ions o f  Vinc e , 6 Davis , 7 ' 8 ' 9 
H . 10  K 1 1  11 d 1 d 1 2  a rr1son , ro , an Berte �on a n  Tisseyre a ll w ere 
6M .  A .  Vince , "The Intermittency of Contro l Move­
ment and the Psycho log ica l Refractory Period , "  Brit ish 
Journa 1 £.f Psychology ,  3 8 : 149 , Ma'rch , 1 948 . 
7R .  Davis , "The Unit of  the Psychologica l Refractory 
Period , "  gua rterly Journa l  of  Experimenta l Psychology , 8 : 24-
3 8 , Februa ry , 1956 . 
8R .  Davis , "The  Human Opera tor a s  a S ing le Channe l 
System , "  Q_ua rterly Journa l  of �xperimenta l Psychology , 9 :  
1 1 9 - 129 , May ,  1957 . 
9R .  Davis , "The Ro le  o f  Attent ion in th e Psycho­
logica l Refrac tory Period , "  guarte rly Journa l of  Experiment ­
a l  Psychology , 1 1 : 121 -1 30 , May ,  1959 . 
10 J. S . Ha rrison , "Psycho log ica l Refractorine.ss  and 
Lat.e.ncy .Time for Two Consecu tive Motor Respons es , " Research 
gua�terly ,  31 : 590-600 , December , 1960 . 
1 1w .  Kro l l , "Re la t ion of the Interva l of  Time 
Betw een P.a .ir.ed _Aud itory and Visua l S t imu l i  and React ion 
Time , "  Re sea rch guarter!_y, 32 : 36 7 -381 , October , 1961 . 
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.supported by the f ind ings of  the pres ent s tudy . These  
s tudies  w ere the only ones tha t  a lso used an  ISI  o f  50  
mil lisecond s and found a s ignif icant d elay in RT2 • 
The compa rison between RT1 and th e S ing l e  RT re ­
vea led th ree d ifferent re sults . In two of  the compa risons , 
Group I ( spa tia l )  and Group IV (h igh ) for the right hand , 
there wa s no s ignificant d ifference . No research wa s 
1 3  found which expla ins th is find ing , a l though Pou lton found 
s imilar results  in part of h is experiment . How ever , the 
lack o f  s ignificanc e  betw e en th ese  two RT ' s  may have been 
the result  o f  the fac t tha t in both groups the sub j ect knew 
-
wha t  hand would be requ ired in reacting to the S ingl e  S or 
the s1 • In a ll th e left  hand gro up compa risons and in 
Group III ( low ) of  the right hand , the S ing le RI wa s s ig -
nificantly grea ter than RT1 • Th is i s  contra ry t o  th e 
14 results  of Gottsdanker ,  Broadbent , and Van Sant , 
12P .  Bertelson and F .  Tiss eyre , "Refractory Period 
of C- Reaction , "  Journa l  of Experimenta l Psycho logy, 7 9 : 
122-12 8 , Janua ry , 1969 . 
1 3  p " E .  C... oulton ,  Perceptua 1 Antic ipa_tion and Re.-
act ion Time , "  guarterly Journa l  of  Experimenta l Psychology , 
2 : 99 -1 �2 ,  May ,  1950 . 
14 R.  Gottsdanke r ,  L.  Broadbent , and C .  Van S_ap,t,_,_ . 
. "_Re��tion. 'fim.e to a S ingle  and to First S igna l s , "  JourU:a l  
of Experimenta l Psycho logy , 66 : 16 3 -16 7 , August , 1 963 . 
.. 
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15  16  Pou lton , and Kro l l . The d ifference in method s between 
the pre s ent s tudy and those  �ent ioned may account for the 
d ifference in resu l t s . The subj ects in the s tud ies in 
wh ich RT1 wa s grea ter t�an the S ingle  RT u s ed a sepa ra te 
test  for the S ingle  RT . In the pres ent study , the S ing le  
RT was � imply obta ined by not pre s enting s2 • F ina l ly , in 
the righ t hand reactions for Group I I  (number) , RT1 wa s 
s ignificantly grea ter than th e S ingl e  RT provid ing f ind ings 
1 7  1 8  . s imila r t o  Gottsdanker , Broadbent , and Van Sant , Poulton 
1 9  and Kro l l . 
Effec ts of increa s ing level s  of  unisens OEJ event 
certa inty on react ion t imes . The hypothes is proposed in 
the present study wa s s upported . There w ere s ignif icant 
d ifferences between RT2 ' s  of Group  III  ( low ) and Gro ups I 
( spa t ia l ) , I I  (number) , and IV (h igh ) . The res u lts  suggest  
loc . cit . 
15E .  c .  Pou lton ,  loc . cit . 
16w .  Kro l l , loc . cit . 
1 7R .  Gottsdanker , J .  Broadbent , and C .  Van Sant , 
1 8E .  ·C . Pou l ton ,  loc •. cit . 
' ' . 
1 9w .  Kro l l , loc . c it . 
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tha t  an increa se  in leve ls o f  unis ensory event certa inty 
causes  a d ecrea se  in the d e lay  o f  reacting to th e second 
of two closely spaced s t imul i .  How ever , the d elay was  not 
completely e l imina ted . The type of increa s e  in certa inty 
d id no t a ppear to be s ignificant s ince in a l l  but one ca se 
there w ere no s ignificant d ifferences  among Groups I 
( spa t ia l ) ,  II (number) , and IV (h igh ) . In the left hand 
results , how eyer , there wa s a s ignificant d ifference 
betw een Groups II  (number)  and IV ( h igh ) , w ith th e RT2 ' s  
of II  (number) be ing s lower . Th e d e lay in II  (number) 
s t il l  wa s not as grea t as the d e lay of  Group III  ( low ) , 
fbu"s a d ecrea se  in the re fracto ry period in Group II 
(number) wa s s t il l  evid ent . Perha ps the d ifference between 
II  (number)  and IV (high ) was  due  to th e fact �ha t in II  
(number) , th e s ub j ect had  to concentra te on wh ich S would 
be presented firs t . Cons equent ly , he  may have d e layed h is 
prepa ra t ion for RT2 s l ightly . 
The pre s ent find ings concerning certa inty a re some -
wha t rela ted to those  obta ined by other experimenters . 
Ha • ' 20 k h b t d rr�son s wor a s  e en suppor e • 
20J .  S • . Ha rrison , loc . c it . 
In h is testing , the 
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' . sub j ect  s RT2 d ecrea s ed when h e  had to react to only s2 , 
tha t  is , be ing certa in o f  the movement h e  had to perform .  
S ince RT2 in Ha rrison ' s  ta sk involved two poss ibilit ies , 
the sub j ect had only two uncerta int ies a s  compa red to the 
three he had when he was  requ ired to rea ct to s1 a l so . 
Th i s  increa s e  in certa inty facil itated RT2 in the pre sent 
s tudy . 
The results a l so  show the Single  RT o f  Gro up III  
( low ) to  be  s ignificantly s lower than Groups I ( s pa t ia l ) , 
II  (number) , and IV (high ) . However ,  th ere wa s no s ig -
nificance among these  grou ps except for Groups II (number) 
and IV (h igh ) of the left hand . Group II  (number) wa s 
s low er s ignif icantly . Evid ently , the testing shows tha t  
ant ic ipa t ion i s  influent ia l in performance o f  s imple re -
action ta sks . The increa se  in certa inty helped the sub j ect 
antic ipa te h is react ion to the first s igna l . Group II 
(number) w a s  s lower  only in the left hand react ions , 
poss ibly beca u s e  th e subj ect wa sn ' t  awa re of wh ich S would 
be presented f irs t . 
The summa ry of  the da ta of  the RT1 ' s  d id no t revea l 
a cons istent pa ttern for a l l  groups . The left hand pa tterns 
ind ica ted tha t  RT1 wa s s ignif icantly s lower in Group �II  
( low ) than in I ( s pa t ia l ) , I I  (number)  and IV ( h igh ) . As 
" 1 03  
in the Single RT da ta , certa inty improved the pe rformance 
by increa s ing the abil ity to antic ipa t e  actions . Also , 
the s ignificantly s lower t imes of  Group  II  (number) a s  
compa red w ith IV ( h igh ) were s imilar t o  the re sults  o f  the 
S ing le RT . The s low er t ime cou ld be a ttributable to th e 
s ub j ects in Group II  (number) had no ind ica t ion of wh ich 
response wou ld be requ ir�d f irs t . Th e right hand rea c t ions 
for RT1 had only two s ignif icant F-ra t ios . Group III ( low ) 
had a record ed RT1 wh ich wa s s ignif icant ly above that  of  
Group I ( spa t ia l )  and IV (h igh ) showing once aga in tha t 
certa inty he lped ant ic ipa tory reacting . The fact I ( s pa t ia l )  
and IV (high )  were the only groups showing s ignif icance 
between themselves and III ( low ) may have been s imilar  to 
the fact II (number) d iffered from IV (h igh ) in the right 
hand react ions . Appa rently , Group II (number) d id not 
provid e the s ub j ect any informa t ion tha t would help  h im in 
ant icipa t ion of  the react ion above tha t wa s received by 
tho s e  in Group III ( low ) . 
Reversed React ion Pa tterns 
React ion t ime comparisons . The data eva lua tion re ­
vea led an absence of  th e refra c tory pe riod and an ac tua l 
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reversa l o f  the t imes expected . In the left  hand reactions , 
RT1 wa s s ignificantly longer than RT2 • Thi s  w a s  contra ry 
to the tra d i t iona l PRP pred ict ions . RT1 w a s  a ls o  s ig ­
nificantly longer than the s ingle  RT . The res u lts  seem t o  
ind ica te  a d e lay in RT1 ra ther than a facilita tion of  the 
S ingle  RT or RT2 . The · right hand pa tterns a re s imilar to 
those  of  the left . There is a d ifference in tha t  th e 
s ing l e  RT is s ignificantly grea ter than RT2 • However ,  the 
results s t i l l  ind ica te a d e lay in RT1 ra ther than a d ecrea s e  
in RT2 o r  the s ing le RT . Got tsdanker , Broadbent , and Van 
Sant2 1  a lso  found a d elay in RT1 and a ttribu ted it  to th e 
rack o f  th e abil ity to concentra te a s  w e l l  when a s econd 
response is  need ed . Herman and Kantow itz22  l ikew ise  found 
a d e lay in RT1 • They a ss oc ia ted th is  w ith confl ict of  
res ponses  betw e en R1 and R2 • Although the ta sks of th e 
_pre s ent s tud y invo lved s imilar movements ,  they w ere anta -
gonis t ic in tha t  th e movements were in o ppos ite d irect ions . 
The lack of  d e lay in RT2 and hence the absence of 
t_he trad it.ional PRP doesn ' t  seem to be h ighly evid ent in 
21R .  Gottsdanker , L .  Broadbent , and C .  Van Sant , 
loc . c it . 
2 2L .  M .  Herman and B . H .  Kantow itz , loc . c it . 
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litera ture . In the present s tudy , the absence o f  th e 
tra d it iona l PRP is  not ind ica t ive to one trea tment group . 
Therefore , it cannot be a ttribu ted to a spec ific trea tment . 
Ano th er- pecu l ia rity occurred when the tester first observed 
the se revers ed pa tterns . The sub j ects w ere que�t ioned a s  
t o  the accuracy w ith wh ich th ey w ere fo llow ing d irect ions . 
Were they reacting to the s t imu lus  l igh ts in the ord er 
presented and a s  soon a s  they fla shed ? The sub j ects w ere 
confid ent tha t they w ere reacting to the firs t s t imu lus 
first and then to the s econd . Th is conf id ence wa s s ta ted 
even when the d a ta show ed tha t s2 w a s be ing reac ted to 
f irst ( RT1 wa s greater than the ISI  plus RT2 ) .  In fact , 
the s ub j ect often re s ented be ing a sked . 
Effec ts  of unisensory event certa inty on react ion 
time s . S ince no PRP wa s found in th is sect ion , the res ults  
a ren ' t  a s soc ia t ed w ith the present problem as  s ta ted . The 
left and righ t ha�d pa tterns w ere id ent ica l and show ed 
Group III  ( low ) to be s ignificantly s low er than Groups I 
( s pa t ia l ) , II  (number ) ,  and IV (h igh ) in a ll ins tances . No 
relat ionsh ip to the PRP can be d erived , but it is evid ent 
tha t  c erta inty d id fac �l ita te reaction .  Al so , the three 
groups w ere equa l ly effect ive . 
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S ummary o f  Results  
Due to  th e grea t d eta il  and amount o f  results  in 
the s tud y ,  a St;Jmmary is  presented . 
1 .  In a ll but one ca s e , for right and left hand s , 
for expected and revers ed pa tterns , RT ' s  for th e low 
certa inty group w ere longer than for the mod era t e  and h igh 
certa inty groups . 
2 .  In a l l  ca ses  for expected patterns , for right 
and left hand s , RT2 wa s s ignif icantly grea ter than RT1 and 
the S ingl e  RT . 
3 .  In a l l  ca s e s  for reversed pa tterns , for right 
and left hand s , RT1 wa s s ignificantly �rea ter than RT2 and 
S ingle  RT . 
CHAPTER V 
SUMMARY , CONCLUS ION AND RECOMMENDATIONS 
SUMMARY 
The prob lem o f  th is s tudy wa s to d etermine the 
effect of increa s ing leve is o f  unisens ory event certa inty 
on RT ' s  to two succe s s ively occurring s t imu l i  spaced 50 
mil l isecond s a pa rt . It  wa s hypothes ized tha t  increas ing 
level s  of  unisensory event certa inty d ecrea ses  the d elay 
{PRP) in reacting. to the s econd of two s ucc e s s ively 
occurring s t imu l i  spaced SO millisecond s a pa rt . It wa s 
a s s umed tha t  the level of  unisensory event certa inty could 
be  manipu la ted by control l ing the amount of  s t imulus ­
respons e info rma t ion presented to th e subj ect on a g iven 
tria l . The trea tment wa s a ppl ied und er th e a s s umption tha t 
the more informa tion the s ub j ect had concerning the react ion 
requirements o f  h is res ponses , the h igher the leve l o f  
certa inty would be . A low leve l o f  certa inty was  defined 
a s  a cond it ion in wh ich the subj ect had no informa t ion a s  
1 0 8  
to  wh ich s t imu lus l ight would fla sh f irst and no informa t ion 
. as to whether th e s t imulus would be s ingle or dua l . A 
moderate  leve l -high spa t ia l  certa inty involved a situation 
in which the subj ect had know ledge only of wh ich stimu lus  
l ight would  fla sh f irs t .  A mod era te l eve l -h igh number 
certa inty was a cond it ion in wh ich the sub j ect  had know ledge 
o f  whether the stimu lus wa s to be  s ingle or d ua l .  F ina l ly ,  
the trea tment ca tegorized a s  a h igh l evel o f  certa inty wa s 
d e f ined a s  a cond it ion in wh ich th e s ub j ect wa s informed 
wh ich stimu lus l ight would fla sh firs t and informed whether 
the s t imu lus would be s ingle  or d ua l . 
E ighty sub j ects w era randomly a s s igned to the four 
trea tment groups , w ith each group  having twenty sub j ects . 
There w ere four tria l types and ten tria ls  o f  each w ere 
adm inistered to every s ub j ect for a tota l of forty tria l s . 
The four tria l types inc lud ed : ( 1 )  s ingle  r igh t hand re -
action ,  ( 2 )  s ing l e  left hand reaction , ( 3 ) left hand 
follow ed by right , and (4)  righ t hand fo llow ed by left . Al l 
dua l s t imula t ion pres enta t ions invo lved an inters timulus 
interva l o f  50 millisecond s . 
The data wa s d ivid ed into two a rea s for s ta t ist ic a l  
ana lys is . It wa s found tha t a portion of the results  d id_ 
not fol low the PRP pred ictions and th ese  were ana lyzed 
s epa ra tely . The rema in ing RT ' s  were comb ined into a 
ca tegory used to eva lua te the origina l problem of  th e 
stud y .  
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The da ta for  the righ t and left hand expected re -
action pa tterns a ppea red to support the resea rch find ings 
concern ing the PRP . There wa s a d e lay  encountered in re -
acting to s2 . Sta t is t ica lly it  wa s found tha t th is d e lay 
wa s s ignificant for a l l groups . How ever , in examining the 
results  re la ted to the problem of the pre sent s tudy , it wa s 
found tha t when the l evel of ce rta inty wa s low , the d e lay 
encountered in RT2 wa s s ign ifican tly longer than tha t 
observ�d a t  the other three l evels . Genera lly speaking , 
the d e lay a t  the other three l e�e ls wa s about th e same . 
The one exception occurred in the left hand rea ct ions for 
those sub j ects tha t kn ew whether the pre senta t ion wa s s ing le  
or  d ua l .  The rea ct ions of thi s  grou p were s ign ificantly 
s lower than the h igh leve l ce rta inty group . Th ey were , 
s t ill  s ignifican tly fa ster than the low level c erta inty 
group . 
A second a rea of interest  d eve loped a s  a result  of 
pecu l ia rities  found in the test results . A reversa l o f  th e 
RT pa ttern occurred , i . e . , RT1 wa s longer than RT2 . Th is 
. 
f ind ing , a lthough not pa rt of th e orig ina l study , wa s 
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inves t iga ted s ince i t  s eemed to b e  in confl ict w ith the 
trad it iona l PRP pred ie-t·ion . Furthermore , it w a s  of interest  
to  note  tha t  when a reversed RT pa ttern occurred , subj ects 
w eren ' t  awa re of it . 
CONCLUS IONS 
The find ings  o f  th is inves t iga t ion form the ba s is 
for th e follow ing conclus ions : 
1 .  There a ppears to exist:  a phenomenon known a s  
the psycholog ica l refractory period . Th is phenomenon i s  
the d e lay in reacting t o  the second of  two c lo s e ly spaced 
s t imu l i  presented back-to -back w ith an lS I of 50 mil l i­
s econd s . The hypothe s is tha t  increa s ing leve ls  of  uni­
s ensory event certa inty d screa ses  the d e lay ( PRP ) in 
reacting to the s econd of  two succ e s s ively occurring 
s t imul i  spaced 50 mil l isecond s apa rt wa s supported . 
2 . When reacting to two clos ely-spaced s t imu l i  
w ith an lS I of 50 mil l isecond s , th e d e lay is s ignif icantly 
greater in tria l s  when unisensory event certa inty is a t  a 
low leve l than wh en it is  a t  a mod era te or h igh l eve l . 
3 .  Mod era t e  leve l -h igh spa t ia l ,  mod era te leve l ­
h igh number , and h igh leve l -h igh spa t ia l  and number certa in­
ty a ppea r to have a s imilar effect on d ecrea s ing the d elay 
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in reacting t o  the s econd of  two closely spaced stimu l i  
with a n  I S I  o f  SO millisecond s . 
4 .  By increa s ing certa inty , the d e lay ( PRP) in RT 
may b� reduced . How ever , the d e lay is  not completely 
e l im inated . 
5 .  Reac t ions to two succes s ive s timu l i  spa c ed SO 
mill is econd s apart may no t a lways follow th e expected 
pa ttern of the PRP pred ict ions . On some tria ls  a reversed 
pa tte rn  occurs , and RT1 is longer than RT2 . 
6 .  Reactions to the second o f  two .s ucce s s ively 
occurring s t imu l i  w ith an IS I of  50 m i l l is econd s may have 
uo d elay .  
7 .  The s ub j ects were not awa re tha t the ir reaction 
pat tern wa s revers ed (RT1 longer than RT2 ) when in fact  it 
wa s . 
RECOMMENDATIONS 
During th e course of th is inves t igat ion , severa l  
a rea s of  pos s ible  furth er s tudy d eveloped : 
1 .  Further inves t iga t ion of  th e effec t s  of certa in­
ty on the PRP could poss ibly lead to e l imina t ion of  the 
d e lay . The unisensory event certa inty of  th is s tudy ha s 
d ecrea sed the d e lay . Perhaps , increa s ing certa inty in some 
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oth er way , i f  pos s ibl e , o r  d ea l ing w ith ant ic ipa t ion o f  the 
s econd s t imu lus  and res ponse could be benefic ia l .  
2 .  It is evid ent from the results  obta ined in the 
testing tha t further invest iga tion mu st  be ca rried out to 
determine why there is a d e lay  in s ome ins tances and not in 
oth ers . Perha ps th e d e lay  in RT1 ha s an influence on RT2 • 
Furthermore , it would be o f  intere st  to inves t iga te th e 
rea sons und erlying the res ults  tha t ca u s e  the s ub j ect to 
bel ieve he is reac t ing in one way when he is actua lly 
performing in an oppos ite manner . 
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APPENDIX B 
Genera l Inst ructions 
The fo llowing set  of g enera l ins truc t ions were 
g i�en to a l l four groups . 
Hel lo , my name is Jim Wo lfgang , and I am d o ing th is 
re.sea rch for the completion of my ma ster ' s thes is . 
Through the s imple ta sks tha t I w i� l  a sk you to perform , 
I hope to better an a s pect of phys ica l performanc e in 
phys ica l educa t ion and a th letics . If you have any 
quest ions a s  to the proced u re tha t  I am go ing to d e ­
scribe , be  sure you a sk me . Each ind ivid ua l mu s t  fu l ly 
und erstand th e ins truct ions for the experiment to be  
va l id . 
The s ta rt ing position w i l l  be w ith your ind ex 
f ingers on the two buttons in front of you . Make a 
fist  w ith your other f ingers and d o  not a l low any of  
them to touch the bu ttons or the boa rd . The movement 
tha t you mus t  complete is to pre s s  the bu tton to the 
l eft or  right w ith you r  l eft or righ t hand respec t ively . 
Alright , p l eas e pu t  your fingers on the bu ttons on the 
boa rd . . . • Try the movement w i th the left hand two 
times� • • •  Now try it w ith the right hand two time s • 
• • • Remember , use  only your ind ex finger to press  th e 
buttons and complete the movement every t ime . 
Now you w i l l  notice  tha t  there a re three fights in 
front o f  you . Th e · green l ight is a warning l ight . 
Th is w il l  fla sh on to warn you tha t  the tria l is in 
p rogress . After a short interva l o f  t ime , th e wh ite 
and red l ights  w i l l  be u s ed to pre sent th e s t imu lus  you 
must react to . Remember , the green l igh t is a wa rning 
l ight . Do not react to it , j u s t  get ready . Wh an the 
wh ite l igh t fla spe s , react  w ith your left  hand . When 
th e red l ight fla shes , react w ith your right hand . Com­
p l ete  the movement a s  qu ickly a s  pos s ible , but don ' t 
b eg in until  th e l ight fla shes . 
After you compl ete  each tria l , place your hand s on 
the table in front of you and relax . I w il l  inform you 
when to g e t  into the s ta rt ing pos it ion aga in .  
There will  be four types o f  tria l s , the left l igh t 
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only , the right . l igh t only , the left l ight followed by 
the right , and the righ t l igh t followed by the left . 
Remembe r ,  you a re to rea c t  to e ither l ight a s  q u ickly 
as pos s ible  anyt ime it fla shes . 
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APPENDIX C 
Trea tment Instruct ion 
Fo llow ing the genera l d irec tions , each gro u p  re-
. ce ived some s pec ific ins tructions . The group ( I )  with 
moderate  leve l -h igh spa t ia l  certa inty wa s to ld the fol low-
ing : 
You w i l l  not know if the t ria l_ is  s ingle or d ua l , 
tha t  is one l ight or two .  I w il l  t e l l  you wh ich l ight 
will  f la sh f irs t . It may be the only l ight to fla sh , 
or it may be  the first of  a dua l pres enta t ion . Do you 
have any questions ? 
The mod era t e  l evel -h igh number certa inty group ( II ) 
received th e following ins truct ions : 
I w i l l  inform you before each tria l if  the pre sent ­
a t ion w i l l  be s ingl e  or dua l ,  tha t is  one l igh t or two .  
However ,  you w i l l  not know if the l eft or righ t l igh t 
will  be firs t . Do you have any quest ions ? 
The th ird gro u p  ( I II) , low l eve l - l ow spa t ia l  a nd 
low number certa inty , wa s told the minimum : 
The s ing l e  and dua l stimu l i  will  be pre sented 
randomly . In add ition , you w i l l  not know wh ich l ight 
w il l  fla sh on . Do you haye any ·questions ? 
F ina l ly , the fourth group ( IV)  tha t  had h igh leve l-
h igh s pa � ia l and h igh number rece ived the mo st  informa t ion . 
I w il l  inform you be fore each tria l if the present ­
a t ion w i l l  be  s ing le  or dua l , tha t  is one l igh t or two . 
In addition , I w il l  tell  you wh ich l igh t w i l l  f la sh 
firs t . Do you have a ny quest ions ? 
\ 
SUBJECT NO . 
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1 4 
2 3 
3 2 
4 5 
5 4 
6 3 
7 5 
8 2 
9 4 
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14  3 
1 5  2 
16  5 
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1 8  2 
1 9  5 
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APPENDIX D 
Da ta Sheet 
-· �- -· �- ... �· �- -�· ... .. .. - ··- -· - -· ... .. - � ·  .. 
GROUP NO . NAME 
-
Ord er -L R Tria l Warn Ord er L R 
RL 21  2 RL 
LR 22 4 LR 
L 2 3  5 L 
R 24 3 R 
LR 2 5  5 LR 
RL 26 2 RL 
L 2 7  3 L 
R 2 8  '· 4 R 
L 2 9  4 RL 
-
RL 30 2 LR 
R 31 3 L ' 
LR 32 5 R 
T.R 33 2 LR 
L 34 3 R 
RL 35 5 L 
R 36 4 RL 
LR 17 4 L 
RL 38  2 RL 
R 39 5 R 
T L..n � T "R  
